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FRANK PINSLEY ‘Se 


STEPS IN THE RACE TO OUTER SPACE 


This 30-foot high Unicycle is designed for 
preliminary exploration of the Moon, 
once a base camp has been established. 
It's entirely constructed of inflated, rub- 
berized fabric, with the exception of 
strengthening members, hatches and a 
few other items of equipment. Gyros 
stabilize and steer the vehicle; electric 
motors furnish the driving power. 


Electricity for the motors and instru- 
mentation comes from solar batteries 
mounted in the ‘‘parasol’’. The cleated, 
rotating wheel upon which -the Unicycle 
travels is made of inflated tubes. A spare 


Lunar Unicycle 


wheel, carried around the body, acts as 
a bumper in traversing narrow defiles. 
Built in two sections, these wheels are 
assembled by belt-lacing type fasteners. 


The upper level, the navigating and 
communications deck, is ringed with 
recording and surveying instruments. 
Living quarters make up a middle deck 
and below is the hold with supplies, 
spacesuits, oxygen equipment and spare 
apparatus, needed for survival. 


In the background, two of the expedi- 
tion’s ferry ships are seen; one landing, 
one unloading in the bright Earthlight. 


Inertial navigation systems will play 
an increasing role in the exploration of 
outer space. ARAVA, now providing 
such systems for the Air Force ATLAS 
and TITAN ICBM’s, will bein the vanguard 
of the race to outer space. ARMMA... 
Garden City, New York. A Division of 
American Bosch Arma Corporation. 


AMIERICAN BOSCH ARMA CORPORATION 
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So Flexible, it can be adapted to various type missiles, 
manned or unmanned aircraft— use star-field pattern for 
matching interplanetary guidance— 


So Uncanny, /t can be /aunched from barren areas where 
there are no fixed ground reference points and strike a pre- 
cise target thousands of miles away — 


So Pinpoint Accurate, it can hit its objective with a single 


missile— rather than needing a salvo. 


—A PRIME CAPABILITY OF 


GOODSYEAR AIRCRAFT 


Pinpoint—T. M. Goodyear Aircraft Corporation, Akron 15, Ohio Plants in Akron, Ohio, and Litchfield Park, Arizona 
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Featured in this issue 


Record 2,603 Register at IAS 27th Annual Meeting 
Including highlights of first A/SE Symposium on Aero/Space Industry Advertising. 


Letters to the Editor 


All readers are invited to voice their opinions—technical or otherwise. 


Some Remarks on the National Space Program (Editorial) 
**We have an obligation to this space-enabling capability that has been created. We must 
utilize it with wisdom.” 


The Earth and Inertial Space. Part I—Motions of the Earth 
The several known and accurately measured motions of the earth in space are discussed. 
(To be concluded next month.) 


Flight Into Space 


About the new environment, man’s preparation—and a warning. 
g 


The Growing Problems in the Space Program 
There are some ‘‘large’’ questions, and the answers won't be found quickly. 


Space Flight in the X-15 


It is ‘generally expected’’ that vertigo will not be a serious problem. 


Satellite Orbit Mechanics 
A unified survey of the fundamental theory of satellite orbits. 


Electronic and Communications Aspects of Space Flight 
. one will perhaps be compelled to make some unusual design compromises. 


Three-Dimensional Satellite Orbits With Emphasis on Re-Entry Dynamics and 
Oblateness Effects 
The discussion is directed principally toward physical understanding. 


lon Rocket Engine Systems—A Summary 
Demonstrating problem areas—heat source,-power converter, thrust chamber, and propellants. 


Aeronautical and Space Applications for Ceramics 
The challenge has accelerated use of newly acquired scientific skill and new materials. 


Technical Management From Airplanes to Space Vehicles 
An assessment of the past to find a relation to present and future trends in technology. 


Crew Escape From Space Vehicles—and Survival 
These authors see a ‘‘spaceship within a spaceship’’ as a suitable escape vehicle. 
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IAS News Notes 131 IAS Corporate Members 
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145 Personnel Opportunities 
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International Abstracts 150 Index to Advertisers 
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Original R. T. Handville painting shows Sparrow III being delivered by McDonnell F4H-1, 


SPARROW Iil AND CECO ...On the Navy’s team of advanced air defense weapons, 
the radar-homing, air-to-air missile Sparrow III promises to play a starring role. 


As prime contractor, Raytheon Manufacturing Company called on 
Chandler-Evans to produce an important servo control valve assembly 
for use in the missile’s radar antenna actuation system. 


The ability to manufacture, assemble and test close-tolerance 
mechanisms — often working directly from the customer’s engineering 
drawings — has earned high regard for CECO as a 

subcontractor. When demands for quality and accuracy border on 

the “impossible” . . . ask CECO to review your drawings with the view 
of producing the necessary equipment on a subcontract basis. 


CHANDLER-EVANS CORPORATION west Hartrorp 1, CONNECTICUT 


Interesting, informative literature on many CECO products is 
yours for the asking. Please address your request to Dept. 29. 


CECO 


SYSTEMS 
CONTROLS 
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GITS HH-TYPE SEAL SERIES 


| RING 


PACKING 


LEE 


WEDGE PACKING RING 


VITON “A” 


All packings illustrated are available with new 
Viton “A” rubber compound, for highest tem- 
perature resistance and maximum resistance to 
aircraft and hydraulic fuels and lubricants. 


~SHELL 


SEPARATOR 


——— SPRING 


_— FLAT PACKING RING 
— SEAL RING 


ONE SEAL ENVELOPE 
WITH CHOICE OF 
FIVE SEAL PACKINGS 


Use of this one standard Gits HH-type seal envelope — | 
with your choice of the five seal packing arrangements | 
illustrated at left — permits effective sealing (in the same | 
seal cavity) over the widest possible range of operating 
conditions. And all these Gits Shaft Seals meet standard 


minimum space requirements of the aircraft and missile 
industry. 


Standard metal parts are stainless steel, except when 
the Gits Engineering Department recommends other 
materials to suit specific applications. 


The sealing and packing members are engineered of 
proper materials to suit the operating conditions of 
each individual application. 


Gits maintains the most complete facilities for design, 
engineering, research, development and testing, as 
well as the most modern manufacturing equipment. 
The Gits Engineering Department, with almost half a 
century of experience, has the know-how to blend 
proper materials with outstanding design, to make 
seals work better for you. Send for full information. 


GITS BROS.MFG. (Co. 
1850B South Kilbourn Avenue ® Chicago 23, Illinois 


WHEW! cits engineering advancement practically 
eliminates hysteresis or drag. Write for full details. 


| ADAPTER 

(io | | 
4 | Extra Pleribdity For | 
Gour Seal Applications! 

| 
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OF A SERIES 


The “tuning out” of excessive shake and vibration 
by Oldsmobile engineers produces a comfortable, 
balanced ride that adds thousands of miles to the 
life of an automobile. 

One of the most critical areas of engineering in today’s 
automobile is “ride”. It is critical because an unsatis- 
factory ride means an unsatisfactory automobile. To pro- 
duce an over-all balanced and smooth ride, free from 
harshness and fatiguing vibration, Oldsmobile engineers 
begin the complex task of “tuning” the car in the early 
stages of a new model program. Not only is ride important 
from the comfort standpoint, but an improperly “tuned” 
car can literally shake itself apart after several thousand 
miles. 

The tuning operation is a series of intricate tests that 
determine a car’s “shake” characteristics—where and how 
much the metal bends and twists. To produce beaming 
and torsional moments, a mechanical oscillator is at- 
tached to the frame and vibrates the car in a frequency 
range of 714 to 15 cycles per second. To measure the dis- 
placement of the metal, a velocity pick-up is attached 


OLDSMOBILE > 
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A “SOUND’’ APPROACH TO RIDING COMFORT 


directly to the area under study. As the metal vibrates, 
a signal is produced by the pick-up and is fed to a vibra- 
tion meter where it is integrated. The resulting signal is 
then transmitted to an X-Y plotter that instantly converts 
it into a continuous magnitude-vs.-frequency trace. 


With this valuable information, refining can begin by al- 
tering the structure of the various component parts. A 
complex network of infinite variation must be analyzed 
intensively to produce the mark of quality that stamps 
every Oldsmobile. 


Over the years, Oldsmobile’s reputation for quality manu- 
facturing and precision engineering has grown, step by 
step, until today it is a car of recognized distinction—in 
a class by itself. Oldsmobile’s durability and long service 
life is further attested to by its continued leadership in 
resale value. You owe it to yourself to first examine, then 
test-drive, a truly outstanding automobile—the 1959 Olds- 
mobile. Visit your Local Authorized Oldsmobile Quality 
Dealer as soon as possible. 


OLDSMOBILE DIVISION, GENERAL MOTORS CORPORATION 


Pioneer in Progressive Engineering 
-..Famous for Quality Manufacturing 


Md Wd Le = 
= 
\ 
ite ~ 


h 


ally engineere for the aircraft indu ¢ 
ANIUM Huckbolt Fasteners offer all these desir- 
able advantages. 


Up to 43% saving in installed weight * High strength 
at elevated temperatures ® Positive swaged lock © 
High shear or tensile strength ® Uniform installation 
with high tensile preload * Excellent pull-together 
* Self-sealing design * Maximum structural integrity 
¢ Fast, accurate installation by unskilled labor ¢ Low 
installed cost ¢ Easy removal without work damage. 


*T.M. of Huck Manufacturing Company 


For complete information—write or call licensees: 


; AIRCRAFT / MISSILE DIVISION 
HUCK STANDARD PRESSED STEEL COMPANY 


MANUFACTURING COMPANY 
2480 Bellevue Ave., Detroit 7, Mich. aicnuss 


# Huck patents No. 2,527,307 2,531,048, 2,531,049 and 2,754,703 » 


Jenkintown, Pennsylvania 
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At B.F. Goodrich 
the space age 
started in 1934 


That was the year B.F.Goodrich devel- 
oped the first rubber stratosphere flying 
suit for attempts at setting altitude 
records. Through the years this suit has 
been constantly improved to meet the 
needs of higher-flying pilots. And when 
the first man sets foot on the moon he 
will probably be wearing a modification 
of today’s B.F.Goodrich Full Pressure Suit. 


B.F.Goodrich engineers are working 
in many ways to help man break the 
bonds of earth—and return safely. Missile 
nose cones, improved solid fuels, propel- 
lant heaters, missile battery box heaters, 
instrument heaters, printed and etched 
circuits, stronger metal and plastic struc- 
tural materials, insulating materials, pre- 
cision rubber seals and gaskets, blind 
fasteners—these are only a few of the 
items that may help solve your space 
age problems. For specific R & D infor- 
mation, write: B.F.Goodrich Aviation 
Products, a division of The B.F.Goodrich 
Company, Dept. AS-49 Akron, Ohio. 


1934 Stratosphere Suit 


1958 Lightweight Full Pressure Suit 


B.EGoo 
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SARGENT 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 


From original idea to finished product —-SARGENT. 


SARGENT Manufacturing SARGENT 
FACILITIES including— > BUILDS 


Research Machining & Grinding Servo-Systems 
Design Heat Treating, all types Hydraulic Systems 
Development Plating, all types | Integrated Packages 
Testing Inspection : Hydraulic Actuators 
Qualifying Assembly Hydraulic Valves 


a WILL” is the disposition of 
pleased customer to return to the 
place where he has been well treated. MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 


— U.S. Supreme Court 


Hydraulic Pumps 
Hydraulic Motors 
Pneumatic Cylinders 
Pneumatic Valves 

Ball Screw Actuators 
Gear Actuators 

Gear Accessory Boxes 
Electronic Systems 


HUNTINGTON PARK, CALIF. 
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custom-designed 


Lord mounting systems for: 


primary navigational 
integrated electronic syst 
dio receivers, transmitters, tra 


‘pressure transducers’ 


The mounting system shown here was designed, 
developed and produced by Lorp for the inertial 
guidance platform ofan ICBM. It clearly demonstrates 
Lorp’s capability to meet the most sophisticated 
requirements for shock and vibration protection. 


High-performance 
mounting system pro- 
tects 180-lb. guid- 
ance platform against 
ICBM environment. 
Highly original design 
weighs only 18 lbs., 
uses Lord BTR elas- 
tomer for broad tem- 
perature operation. 


You can assure optimum reliability for your 
missile or advanced jet project by utilizing LorD 
skills and experience. Integration of LorD abilities 
with those of your staff will result in an economical 
system design providing maximum protection for 
given weight and size. 


Complete research, engineering, test and production 
facilities—staffed with personnel of outstanding 
capabilities—can provide vital assistance for your 
program. Full information is available from your 
nearest LorD Field Engineer or the Home Office, 


Erie, Pennsylvania. ATLANTA, GEORGIA - CEdar 7-9247 
BOSTON, MASS. - HAncock 6-9135 
CHICAGO, ILL. - Michigan 2-6010 
DALLAS, TEXAS - Riverside 1-3392 
DAYTON, OHIO - BAidwin 4-0351 


TRANSMISSIBILITY IN % 


FIELD ENGINEERING OFFICES 


DETROIT, MICH. - Dlamond 1-4340 
KANSAS CITY, MO. - WEstport 1-0138 
LOS ANGELES, CAL. - HOllywood 4-7593 
NEW YORK, N. Y. - Circle 7-3326 
PHILADELPHIA, PA. - PEnnypacker 5-3559 
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SAN FRANCISCO, CAL. - EXbrook 7-6280 
“In Canada—Railway & Power Engineering Corporation Limited” 


LORD MANUFACTURING COMPANY - ERIE, PA. 
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Johns-Manville announces new MIIN=KLAD Insulation! 


This one new product 
answers 4 basic thermal 
d mechanical requirements 


high heat capacity 
plus erosion resistance 


high strength 


| 


New Min-Klad insulation is engineered and molded to your design requirements. 


Asbestos-reinforced plastic 


Min-K insulation 


Combines the capabilities of asbestos-reinforced plastic 
with the dramatically low conductivity of mIN<K) insulation! 


New Min-Klad insulation may well be 
the most significant advance ever made 
in missile and rocket insulation. 


Developed by Johns-Manville re- 
search scientists, Min-Klad is the only 
product of its kind, a permanent lami- 
nation of the missile industry’s two most 
effective high-temperature materials: 
1) reinforced plastic and 2) J-M’s 
recently developed Min-K insulation. 


Does more than plastic alone 
Min-Klad gives the missile designer all 
the advantages of high-temperature 
plastic: Strength, toughness, rigidity! 
Erosion resistance! High heat capac- 
ity! Yet Min-Klad does more. 

It also insulates . . . and with dra- 


matic effectiveness! Its insulating ele- 
ment is J-M’s Min-K, an insulation with 
thermal conductivity that is lower than 
any other known insulation. Actually 


lower than the molecular conductivity 
of still air. And this conductivity 
(already less than half that of the best 
fibrous insulations) drops still further 
with altitude. At 10 miles, for example, 
it is decreased by as much as 40%, with 
further decreases at greater altitudes. 


Wide range of applications 


Min-Klad offers the missile and rocket 
designer a rich choice of heat-control 
possibilities. It may be used for a part 
that must insulate, yet have the struc- 
tural advantages of plastic. Where re- 
quirements call for a scuff- and erosion- 
resistant insulating surface...or for a 
good adhesive bond between Min-K 
insulation and other surfaces. Or, it 
may be used to control high transient 


temperatures! For high heat capacity 
of asbestos-reinforced plastic combined 
with the low conductivity and heat ca- 
pacity of Min-K result in a product that 
provides minimum heat transfer under 
transient conditions. 


Min-Klad is now being tested for ap- 
proximately two dozen missile and 
rocket designs. Why not investigate this 
new material for your present thermal 
requirements? Upon request, we'll be 
pleased to send you a sample of the 
material along with detailed technical 
information. Write Johns-Manville, 
Box 14, New York 16, New York. (Ask, 
too, for information on Min-K insula- 
tion and the new aviation insulation 
brochure IN-185A.) In Canada: Port 
Credit, Ontario. 


JOHNS-Manviie 
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Hughes in Southern California 


announces the establishment of 


a major new division... 


the COMMUNICATIONS DIVISION! 


The growing importance of global and space com- 
munications, together with major contributions of 
the Hughes Communications Laboratory, such as 
the Long Arm (AN/URC-15) and Quicksilver 
(AN/URC-23) programs, has resulted in the crea- 
tion of the COMMUNICATIONS DIVISION of the Hughes 
Aircraft Company. The new division is fully inte- 
grated and will be responsible for communications 
research, development, manufacturing and sales. 
Expansion plans are ambitious and aggressive, and 
the backlog of contracts already awarded promises 
an expansion consistent with the spectacular 
records established by the other major divisions of 
Hughes Aircraft Company. 


The establishment of Hughes as a major factor 
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in the communications industry has created many 
openings for experienced electronic engineers in 
the following areas: 


Senior Staff Engineers 

Transistor Circuit Design 

RF Power Design 

Digital Data Processing 

Communication Systems Analysis 

also 

Airborne Equipment Productizing Engineers 
Test Engineers 


For further information write Mr. John Melville 7 
at the address below. 


| 
| 
| 


COMMUNICATIONS DIVvIsION, P. O. Box 90-902, Los Angeles 45 j 


HUGHES | 


4 


Complete facilities are under one roof Machine shop: turret lathes. engine lathes Bore-Matics. milling machines, drill presses 


g. hobbing, shaping, broaching machines Every machined part is inspected Stator and rotor fabricating shop 


QUALITY CONTROL... 


begins with this modern, up-to-date plant in Los facture is subjected to the most thorough testing 
Angeles, California. @ As a specialist in the pro- for extreme precision. e EEMCO products have 
duction of actuators, motors and generators for been noted for their reliability for more than 
aircraft and missiles, every step in their manu- 17 years. You can depend on EEMCO quality. 


ELECTRICAL ENGINEERING & MANUFACTURING CORP. 


4612 West Jefferson Boulevard, Los Angeles 16, California — Telephone REpublic 3-0151 


Designers and Producers of High Precision Motors, Actuators, 
and Related Equipment... Exclusively! 


Motor, clutch generator assembly Actuator and gear box assembly shop Winding armatures, fields, 4 cycle stators 


y production unit is functionally tested Safety wire, masking and paint room Packing and shipping department 


4 
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UAP offers complete responsibility for 
system simulators in “‘hard-hat’’ areas 


Many of today’s missiles carry vital operational 
components made by United Aircraft Products, Inc. 
Research, development and manufacture of these 
components, backed by over 30 years of supplying 
parts and systems to all major aircraft manufacturers, 
have furnished UAP with broad experience. This in- 
cludes electronics, electronic cooling, mechanical and 
electro-mechanical devices, hydraulics, pneumatics, 
fuel systems, cryogenics and other specialized func- 
tions. UAP can meet strictest government require- 
ments...has skilled engineers and modern production 
facilities to carry through on assigned projects. 
These many qualifications indicate you can depend 
on UAP for development of reliable ground support 


equipment used in missile launching installations, 
“hard-hat” training and checkout areas, and back-up 
maintenance stations. When you are ready to assign 
full responsibility for all or part of a GSE program, a 
UAP representative is the best man to sit at the other 
side of your desk! Call him at the UAP Contractual 
Engineering Office nearest you: Burbank, California, 
VI 9-5856; New York, New York, MU 7-1283; Day- 
ton, Ohio, BA 4-3841; Montreal, Canada, ME 1-4396, 


a famous familly of, 1929 


UNITED AIRCRAFT PRODUCTS, INC. 


1116 BOLANDER AVENUE, 
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Earth’s attraction for a 
lightning bolt? 


+ or —, which is up? 
A resonant phenomenon? 
A singularity in a field? 


What is the nuclear “glue” 
for like charges? 


A better comprehension of charge 
is important to Allison because 
energy conversion is our business 
and charge is one keystone for this 
conversion work. Thus we have a 
deep and continuing interest in elec- 
trons, protons, positrons, neutrons, 
neutrinos—charge in all its forms. 


In its investigations, Allison calls 
upon the capabilities within General 
Motors Corporation and its Divisions, 
as well as the specialized talents 
of other individuals and organ- 
izations. By applying this systems 
engineering concept to new re- 
search projects, we increase the effec- 
tiveness with which we accomplish 
our mission—exploring the needs 
of advanced propulsion and weap- 
ons systems. 


LLISON 


Division of General Motors, 
Indianapolis, Indiana 
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Energy conversion is our business W 


ADJUSTABLE REGULATEL 
POWER SUPPLY 


TYPE MO 1205-8 
Ne 
PENDING KON, 
and Powerful | ‘ Z 
METER 
POWEF ve 


REGULATED POWER SUPPLY Be 


... provides these regulated outputs: 


Regulation (change in Change in output 
Output output voltage from Output volts with +10% 
Volts no load to full load) Current line change 


0 to 300v*, de (con- 
tinuously adjustable) 


*120 Cycle Ripple is 1 mv 


—150v, de 


Plus two 6.3v, ac unregulated outputs at 5 amperes 
each, which may be connected in series or parallel 9s" 


.--ALL FROM A COMPACT PACKAGE 


Excellent performance is obtained by using two regulator circuits. A THYRATRON 


conten SERIES 
high-efficiency controlled rectifier maintains the optimum operating RECTIFIERS ie ; 


120 Watts In 0.2 


voltage for a series regulator, regardless of line-voltage changes, load 

changes, or changes in output voltage setting. Wide-band regulator cir- } 
cuits and high-frequency by-passing of the output make for low output ras a) 
impedance over a wide frequency range. A large capacity fan provides a | nen 
cooling without dependence on convection, permitting the stacking of 

any number of units. 


Type 1205-B Adjustable Regulated Power Supply, $290 Regulator Block Diagram 


Write for complete information 


GENERAL RADIO COMPANY 


275 MASSACHUSETTS AVENUE, CAMBRIDGE 39, MASSACHUSETTS 


NEW YORK AREA CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES IN CANADA 
Broad Ave. at Linden 6605 W. North Ave. 1150 York Rd. 8055 Thirteenth St. 1182 Los Altos Ave. 1000 N. Seward St. 99 Floral Pkwy. 
Ridgefield, N. J. Oak Park, Ill. Abington, Pa. Silver Spring, Md. Los Altos, Cal. Los Angeles 38, Cal. Toronto 15, 
N.Y. WOrth 4-2722 Village 8-9400 HAncock 4-7419 JUniper 5-1088 WHitecliff 8-8233 HOllywood 9-6201 CHerry 6-2171 
N. J. WHitney 3-3140 
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IAS News Notes 


| MANY AREAS OF TECHNICAL AND GENERAL 
| INTEREST to IAS members in air and space flight 
) will be covered at the Institute's four-day National 
' Summer Meeting in Los Angeles, June 16-19. Sev- 
) enteen technical sessions have been scheduled, six 
' of which are classified and cosponsored by the Air 
' Force, ARDC Office in Los Angeles. James H. 
"Douglas (pictured at right), Secretary of the Air 
Force, will be guest speaker at the meeting banquet 
"at the Ambassador Hotel onthe evening of the 18th. 
IAS President William Littlewood will be toast- 
master. Luncheon speakers will include Rear Adm. 
J. Monroe, USN, Cmdr. , Pacific Missile Range; Vice 
Adm. W. G. Cooper, Commander, Antisubmarine 
Defense Force, U. S. Atlantic Fleet; and Peter G. 
Masefield, Managing Director, Bristol Aircraft Ltd. 


April 1959 


THE TRAINING CENTER FOR EXPERIMENTAL AERODYNAMICS, 
Rhode -Saint-Genese, Belgium, is receiving applications for entry 
from qualified graduate engineers and scientists for the one-year 
diploma course in Experimental Aerodynamics forthe academic year 
beginning on October 12 and ending July 9,1960. The Center, founded 
in 1956 as an international institution, has a well-equipped range of 
modern wind tunnels in its laboratories near Brussels. There are 
no fees. A number of student fellowships have been established to 
cover living expenses, Applicants should airmail requests for appli- 
cation forms which should be returned by the 18th of this month to; 
"The Director, Training Center for Experimental Aerodynamics, 
72, chaussee de Waterloo, Rhode-Saint-Genese, Belgium," 


FOR THOSE WHO FEEL THEIR PROFESSIONAL INTERESTS are"earthy''(as 
compared to technicalarticles in this special-interest issue of AERO/SPACE 
ENGINEERING), our pages next month willcarry a variety of non-spatial dis- 


Q ism cussions, These include problems in control of manned aircraft, achieving 


reliability, the current picture of air transport and development, a critical 
examination of hydro-fatigue testing, and a look into a technique for the study 


| of details in compressible flow -- microschlieren, 
| 


STUDENTS AT WORK -- April promises tobe the biggest month of the 
yearfor embryonic engineers affiliated with 77 IAS Student Branches 
throughout the nation, It (and the beginning of May) is the month of 
technical paper competitions with seven Regional Student Conferences 
scheduled as follows: April 4 - Northeastern, Cornell University; 
April 9-10 - Southeastern, Atlanta, Ga. ; April 16-18 - Southwestern, 
Fort Worth, Texas; April 23-24 - St. Louis, St. Louis, Mo.; April 
30-May 1 - West Coast, IAS Building, Los Angeles; May 1-2 - Mid- 
dle Atlantic, Catholic Univ., Washington, D. C., May 5 - Detroit, 
University of Detroit. Berg 
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ws Notes (Con’t.) 


INTERNATIONAL, NATIONAL, & JOINT MEETINGS CALENDAR 


Apr. 5-10 1959 Nuclear Congress, Municipal Auditorium, Cleveland. 

May 25-27 National Telemetering Conference, Cosmopolitan Hotel, Den- 

ver. Sponsored by IAS, ARS, ISA, and AIEE. 

June 11-13 1959 Heat Transfer and Fluid Mechanics Institute, University 

of California, Los Angeles. Cosponsored by IAS. 

June 16-19 IAS National Summer Meeting, Los Angeles. 

Sept. 9-11 Midwestern Conference on Fluid and Solid Mechanics, Uni- 

versity of Texas, Austin. Cosponsored by IAS, AFOSR, 
ONR, NSF, and eleven technical societies. 

Oct. 5-16 Seventh Anglo-American Aeronautical Conference, New York. 

Nov. 2-4 IAS National Midwestern Meeting on ''New Frontiers in Avia- 

tion,'' Lassen Hotel, Wichita, Kansas. 

Nov. 18-19 National Air Transportation Meeting, San Francisco, 

SECTION MEETINGS CALENDAR 

Apr. l Philadelphia: Dinner Meeting and Tour of Naval Air Turbine Test 
Center, Trenton, N. J. (Social hour 6:30, dinner 7:30, tour 8:30 
p.m.) 

Apr. l Tullahoma: Technical Meeting, AEDC Conference Room, 8 p.m., 
"Aerothe rmodynamic Test Data: How Is It Used?" by A. Lengyel, 
G.E. Missile & Space Vehicle Dept. 

Apr. 1l Niagara Frontier: Social Meeting - Spring Dance, Buffalo Yacht 
Club, 10 p.m. 

Apr. 14 Baltimore: Joint Dinner Meeting with Washington and Hagerstown 
Sections (Social hour 6:30, dinner 7, meeting 8 p.m. ), Occidental 
Restaurant, Washington. "Nuclear Power for Aeronautics and 
Astronautics" by Col. J. A. Armstrong, Aircraft Nuclear Pro- 
pulsion Office and Col. W. A. Tesch, Chief of Airc. Proj. Branch. 

Apr. 14 Los Angeles: Classified Specialist Meeting, IAS Building, 8 p.m. 
"Thermo-Structural Design forHigh Temperature Flight" by Drs. 
Henry T. Ponsford and Robert M. Wood. 

Apr. 14 San Antonio: Dinner Meeting, Lackland AFB Officers Club, 6:30 
p.m. "Education of the Air Force Officer for the Space Age" by 
Col. B, P. Blasingame, U. S. Air Force Academy. 

Apr. 15 Chicago: Joint Meeting with Mechanics Colloquium, Illinois Insti- 
tute of Technology (Dinner 5:30, meeting 6:30). "Electric Con- 
ductivity, Heat Flow and Diffusion in an Ionized Gas" by Prof, 
J. M. Burgers, University of Maryland. 

Apr. 16 Los Angeles: Dinner Meeting (Social hour 6, dinner 7, meeting 8 
p. m.), IAS Building, "Physical Characteristics of Planetary 
Systems" by George Gamow. 

Apr. 16 Texas: Specialist Meeting on Aeroelasticity, Children's Museum, 
Ft. Worth, 8 p.m. 

Apr. 22 South Florida: Dinner Meeting, 7 p.m 'Jet Power" William 


Littlewood, Vice President, American Airlines, and President, IAS. 
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REPRESENTATIVES 
Hawthorne, Calif. 
Stamford, Conn. 
Washington, D.C. 
Rockford, Ill. 
Dayton, Ohio 
Rexdale, Ontario 
Arlington, Texas 


Seattle, Wash. 


SUNDSTRAND 


What Sundstrand Turbo 
is doing in advanced power 
systems for space vehicles 


Sundstrand Turbo engineers are deep in the study of advanced power systems for 
interstellar space travel, with thinking that is years ahead of current missile plan- 
ning and requirements. The five systems shown here that have been developed 
or are currently being developed, include: (1) Open and closed cycle chemically- 
fueled power systems, (2) Nuclear power systems, closed cycle, (3) Solar power 
systems, closed cycle, (4) Thermionic and thermoelectric power systems, and (5) 
Solar photo-voltaic and solar recycling fuel cell power systems. The suitability of a 
particular power system depends on factors such as the power to weight ratio, the 
flight duration and environmental conditions, the overall reliability, the effect of 
a malfunction on the society living within the regime of the device, the availability 
of the system, and, of course, the ultimate cost. 

The important fact is that power ranging from one to hundreds of kilowatts for 
periods from a few days to years will be required in space vehicles of the future. 
Sundstrand Turbo’s achievements in the design, development and production of 
chemically-fueled power systems provide us with a broad base of experience for 
extending the present state-of-the-art with minimum development effort. 

If your requirements lie in the area of advanced power systems for long duration 
space vehicles, you might benefit from the optimization studies, development 
capabilities and precision production facilities offered by the Sundstrand Turbo 
team.Write for informative brochure—“Sundstrand Turbo Facilitiesand Capabilities.” 


L 


CHEMICAL 


NUCLEAR 
THERMOELECTRIC 


SOLAR RECYCLING 
FUEL GEELS 


SUNDSTRAND TURBO 


PACOIMA, CALIFORNIA DENVER, COLORADO 
j "| A division of 
SUNDSTRAND MACHINE TOOL CO. 
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forging a 


/ 
/ renaissance 


/ 


‘in COPPER” 


Forging “new metals” has been routine 
procedure at Wyman-Gordon for 75 years. Contrasting the 
modern marvels of metallurgical development is the oldest 
metal employed by man—copper. Here you see the largest 
copper closed die forging ever produced—a Re-entry 

Shield weighing 1875 pounds (67-1/2” x 2-1/2”). Unexcelled 
know-how, with the availability of the most modern forging 
equipment, assures the ultimate in forging quality to meet 
the constantly expanding demands of progress— man’s quest 
for greater speeds and power in his unending exploration 
farther and farther into yesterday’s unknown. 


Company 


Established 1883 


* 


THE BETTMANN ARCHIVE 


WORCESTER 1, MASSACHUSETTS 
HARVEY, ILLINOIS © DETROIT, MICHIGAN 


20 Aero/Space Engineering April 1959 


f 
f 4 
; 
a 
ent 
Co 
3 
int 
ter 
id . 
tio 
or 
or 
= 
oar 
in 
iA 
. 
‘ ¥. 
-. 
a 
7 
a 
s 


> 


| 


IAS News 


. a record of people and events of interest to Institute Members 


West Coast Library Offers 
Special Indexing Service 


A special service for aero/space sci- 
entists and engineers is offered on the West 
Coast by the Pacific Aeronautical Library 
through its Uniterm Index of periodical 
literature in the field. 

As periodicals are received, articles of 
interest are indexed according to a ‘‘unit 
term” and corresponding number. The 
index is available every 3 days; in addi- 
tion, a posting list of these ‘‘uniterms,”’ 
or headings, in alphabetical and numerical 
order, is issued every 3 weeks. Three 
quarterly-cumulated volumes and an 
annual volume—all in book form—also 
are available. 

Bound volumes include the uniterms 
in alphabetical order, with accession 
numbers of the indexed articles, an 
alphabetical list of authors, and a list 
of accession numbers and complete 
citations for corresponding articles. 

The service is available in part or in 
its entirety; the cost of the annual 
volume alone is $25. 

Inquiries may be addressed to the 
Library at 7660 Beverly Blvd., Los 
Angeles 36, Calif. 


New Corporate Member 


Radio Corp. of America Defense 
Electronic Products has become a Corpo- 
rate Member of the Institute. 

RCA is engaged in research, develop- 
ment, and production of electronics 
equipment for military and civil, ground 
and airborne applications in aeronautics. 
An Advanced Military Systems Depart- 
ment is maintained which has system 
engineering responsibility for aeronautical 
projects. 

Areas of activity include the Ballistic 
Missile Early Warning System, the fur- 
nishing of specific items, such as missile 
checkout and launch equipment for 
the Atlas, and instrumentation, search, 
and tracking radars. Airborne and 
ground weather radars, Loran, and an 
air traffic control transponder beacon 
are among RCA’s commercial items. 

RCA has an equipment maintenance 
and support organization, as well as a 
service organization devoted to instal- 
lation, servicing, and training of personnel. 
One of the tasks performed is the supplying 
of services for the Missile Test Project 
at Cape Canaveral. 


Two IAS Associates 
Organize Own Firm 


John A. Dickie (A) and Karl Unholtz 
(A) have announced formation of the 


Unholtz-Dickie Corp. in Hamden, Conn. 
Mr. Dickie will serve as President, and 
Mr. Unholtz will be Vice-President and 
Chief Engineering Officer. 

The new firm will provide professional 
engineering services on an _ advisory, 
training, or task basis, covering the full 
scope of vibration problems, including 
fatigue, shock and shake testing, designed 
to withstand dynamic loads, suspension 
systems, noise control, and equipment 
and controls associated with dynamic 
testing. 

Both founders were formerly associated 
with MB Manufacturing Co. 


Eight IAS Members Named 
to Lead Republic Society 


With a predominately Institute of the 
Aeronautical Sciences membership, the 
Republic Aviation Society of Engineers 
and Scientists (RASES) has been founded 
at Republic Aviation Corporation’s Long 
Island plant. The RASES roster includes 
about 200 names, most of whom are in the 
Structures Division. A Systems Division 
is also being organized. The primary re- 
quirement for membership in the new 
group is affiliation with a national society 
in the aero/space field. 

RASES officers are President Irving 
Singer, Vice-President Norman Gross- 
man, Program Chairman Arthur Berta- 
pelli, Secretary D’Amaso Gareia, Mem- 
bership Chairman Herman Axelrod, Fi- 
nance Chairman Milton Cohen, Publica- 


tions and Publicity Chairman E. A. Sim- 
kovich, and Structures Division Chairman 
Raul (cq) Benedictor. Dr. Grossman is 
an IAS Associate Fellow; all others are 
IAS Members. 

The new group reports that its primary 
purposes will be to aid and encourage the 
professional and technical growth of engi- 
neers and scientists at Republic. Second- 
arily, it hopes to stimulate interest in the 
technology of the aeronautical and astro- 
nautical fields for technical personnel em- 
ployed in the Long Island area. Two 
functions of this latter aim will be encour- 
aging members to participate actively in 
programs of recognized national engineer- 
ing and scientific societies and providing 
supplementary local activities adding to 
the programs of national groups. 

The Structures Division held its first 
meeting in Farmingdale, L.I., on Novem- 
ber 12. Fifty members and guests heard 
a lecture on ‘‘Effects of Dynamic Loading’”’ 
by Aaron Finnerman, Republic’s Assistant 
Chief of Computing Engineering. 

The second meeting, attended by 55 
persons, was held in Huntington, L.I., on 
December 10. George Gerard (AF), As- 
sistant Director of Research at New York 
University, spoke on ‘‘Elevated Tempera- 
tures and Structures,’’ presenting a sum- 
mary of theoretical and experimental in- 
vestigations on buckling, creep buckling, 
and photothermal-elasticity. 

At the February 10 meeting, an audi- 
ence of 160 heard Samuel Batdorf, of 
ARPA, Department of- Defense, speak on 
“Propulsion Aspects of Space Flight.”’ 


At First RASES Meeting—Officers and members of Republic Aviation Corporation's new Society of 


Engineers and Scientists listen to opening remarks by Paul Baker (F), standing. 


Seated, left to right, 


are Norman Grossman (F); Aaron Finnerman, who lectured on “Effects of Dynamic Loading”; Arthur 
Bertapelli (M); Irving Singer (M); and Herman.Axelrod (M). 
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VI: HT Rotary or fixed wing. 


In either type of VTOL aircraft, control systems must provide 
precise and positive transfer of motion under all operating 
conditions. Regardless of size, a Shafer Aircraft Bearing 

will deliver greater load-carrying capacity and service life 

for its envelope dimensions and weight than any other 
self-aligning antifriction bearing available. 

Shafer engineers have more experience with design 
requirements of successful vertical flight control systems 
than any other group in the industry. Consulted early in 
design stages, they can save valuable space and weight with 
Shafer Self-Aligning Aircraft Bearings. 

Whatever your requirements for aircraft bearing 
performance, call on Shafer’s specialized design 
experience. Shafer Bearing Division, CHAIN Belt Company, 
801 Burlington Avenue, Downers Grove, Illinois 


DIVISION OF 
CHAIN 
BELT COMPANY 
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Record 2,603 Register at IAS 27th Annual Meeting 


First A/ SE Symposium on Aero/Space Industry Advertising Held 


Agro/SPACE ENGINEERING’s Sympo- 
sium on Aero/Space Industry Advertising, 
pictured here in two views, was held on 
January 26 simultaneously with Annual 
Meeting sessions. An estimated 70 com- 
pany advertising executives and ad agency 
personnel were present. A section of the 
audience is pictured in the bottom photo 
during the question-answer period. Pur- 
pose of the Symposium was to create a 
better understanding of all factors neces- 
sary to the development of sound, effective 
advertising programs of maximum henefit 
to both advertiser and aero/space engi- 
neers. On the basis of comments immedi- 
ately after the event and since, plans are 
progressing to hold similar symposiums in 
other sections of the nation. (See letter 
on page 29.) Proceedings of the Sym- 
posium are being planned and will be an- 
nounced in this magazine when available. 
The Symposium panel is hard at work in 
thecenter photo. Left to right are pictured 
W. A. Shrader, IAS Director of Publica- 
tions, who was moderator; C. T. Foss, 
Vice-President, American Bosch Arma 
Corp.; Edward Ledeen, Staff, Engineer- 


Another Is Being Planned 


ing Operations, Wright Aeronautical Di- 
vision, Curtiss-Wright Corp.; S. Holt 
McAloney, Public Relations Director, 
Ford Instrument Company, Division of 
Sperry Rand Corp.; L. Eugene Root, 
Vice-President and General Manager, 
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| a full pictorial report of the 
Institute’s 27th Annual Meeting, January 
26-29, could fill an album, these three 
photos depict one of the many well- 
attended technical sessions (top) and a 
“first”? at the meeting—the Symposium 
on Aero/Space Industry Advertising, 
shown in the two lower photos. At left 
is the Propulsion I Session in progress in 
the East Ballroom on January 26. Session 
Chairman Eugene Manganiello, Assistant 
Director, Lewis Research Center, NASA, 
and Earl R. Hinz, Design Specialist, of 
Convair Astronautics, are on the plat- 
form. Mr. Hinz’s paper was on ‘‘What Is 
Specific Impulse Worth?” Meeting regis- 
tration was 2,603—a record. 


EEN SHNCALONE 


LEROOT t 


Missiles and Space Division, Lockheed 
Aircraft Corp.; Ernest G. Stout, Assistant 
Resident Manager (Washington, D.C.), 
The Ralph M. Parsons Co.; and Charles 
Tilgner, Jr., Chief Aeronautical Engineer, 
Grumman Aircraft Engineering Corp. 


Of possible interest to our Engineer 
readers active in 35-mm. photography are 
the technical data behind these A/SE photos. 
All were shot in available light at 1/10 sec. 
on Tri-X film with an Argus C-4, hand- 
held. Aperture was f2.8. 
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Ab arquardt 


ADVANCED TEST FACILITIES 


FOR AIR AND SPACE 


f 


A 


a 


Test facilities conceived, designed, developed, and oper- 
ated by Marquardt Aircraft— which include the USAF- 
Marquardt Jet Laboratory and test installations of the 
U. S. Navy—perform an important role in the develop- 
ment of advanced propulsion systems, controls and 
accessories for air and space operations. Here, in a crea- 
tive engineering environment, professional engineers 
specializing in analysis, design, and operation of test 


equipment are constantly challenged by the complex 
requirements which must be satisfied to support critical 
development programs, including test support for long- 
range space research projects currently underway. 
Simulation of high altitude engine and equipment oper- 
ating conditions, handling and testing with new chemi- 


cal fuels, solving the problems of extreme temperature 
and vibration, extrapolation of data for space applic 
tions, and recording test data under conditions neve} 
before simulated, are only a few of the research ani 
development areas presently being explored by engineers 
in Marquardt’s Test Division. 
Engineers and scientists whose training and experi} 
ence qualify them for responsible positions in the 
analysis, design, and operation of such advanced facil 
ties will find full opportunity to demonstrate their tal 
ents at Marquardt. May I suggest you contact Mr. Floyi 
E. Hargiss, Manager of the Professional Personne 
Department, 16547 Saticoy Street, Van Nuys, California 
Roy E. Marquardt, Preside 
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experienced in design, me- 
analysis of industrial processes 
Pm s for large air flow, steam, fuels, propellants 
ts for both cryogenic and extreme temperatures. 


use these s' rding systems and analog computers and t 
ystems in the collection of test data. . 


4 —Facili i 
operation of test programs for supersonic 


jet engin i 
gines, engine controls, and rotating accessories 


VAN NUYS AND POMONA, CALIFORNIA~O6DEN, UT 
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90,000 Btu/hr Janitrol liquid heater 


for support vehicle comfort and cargo heating, windshield 


defrosting. Ideal for use on fire trucks, movers, weapons loaders, C 
personnel carriers, in temperatures to —65° F. “I 
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500,000 Btu/hr Janitrol liquid heater 
for portable structures, large vehicles, and ; 
for heating decontaminents and cleaning fluids 
on mobile ice removal units. ¢ 


1,000,000 Btu/hr Janitrol liquid heater 


for missile fuel transfer operations, large 
portable structures, airlifted equipment. Approximately 
18” in diameter, 47” high, weight: 260 Ibs. 


reliable ground support liquid heat packages 


Missile and aircraft support equipment builders use 
Janitrol liquid heater packages with little or no modifi- 
cation because they’re designed for military applications. 5 
Meeting appropriate MIL specifications and fully quali- 
fied, they’re available in outputs to 1 million Btu/hr. 

They provide any desired amount of heat up to rated out- 
put and automatically maintain constant temperatures. t 

As an example of acceptance, most Air Force crash- | 
fire vehicles are equipped with one or more of these 
heaters, for engine, chemicals, cargo and crew space 
heating. Multi-fuel operation is standard, and they per- 
form reliably in multiples for heat requirements which 
exceed the output of a single unit. 

Ask your Janitrol engineering representative for a 
proposal for thoroughly proven ground support heating 
equipment. 

Janitrol Aircraft Division, Surface Combustion Cor- pneumatic controls « duct couplings & supports - heat exchangers 
poration, Columbus 4, Ohio. combustion equipment for aircraft, missiles, ground support 
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Proceedings of ICAS 
Published in London 


Proceedings of the First International 
Congress in the Aeronautical Sciences, 
held in Madrid, Spain, last September, 
have been published in two volumes as 
Advances in Aeronautical Science, ac- 
cording to the publishers, Pergamon Press, 
4 and 5 Fitzroy Square, London, W.L., 
England. 

Editors of the 1,200-page work, con- 
taining 568 illustrations and all 46 papers 
presented during the Congress by the 
world’s leaders in the aero/space sciences, 
include Robert R. Dexter, Secretary of 
the Institute of the Aeronautical Sciences. 
Others are Theodore von Karman, A. M. 
Ballantyne, H. Blenk, Maurice Roy, 
and Hugh L. Dryden. 

Advances in Aeronautical Sciences, ac- 
cording to the publishers, is available on 
14 days’ approval from reputable book- 
sellers without obligation, or by writing 
directly to: Sales Director, Pergamon 
Press, Inc., 122 E. 55 St., New York. 
The price is $25. 


TWA, Mr. Frye had cut transcontinental 
flying to 16 hours. His plans contributed 
to the well-known Constellation and his 
pioneering had then cut cross-country 
flying from a 48-hour trip to approxi- 
mately 10 hours. 

In 1947, Mr. Frye left TWA to become 
president of the General Aniline and Film 
Corp. 


Gysbert C. Snyders 


The Institute has just been informed of 
the death of Gysbert C. Snyders (M) on 
January 1. 

Mr. Snyders was a native of Holland 
and received his engineering degree from 
the University of Aachen, Germany, in 
1939. 

At the time of his death, Mr. Snyders 
was president of Aeronautical Consulting 


ias News 


Engineers, Hague, Holland. He was 
president of Avio-Diepen Co. from 1948 
to 1955, and served as an aeronautical 
engineer to the Royal Netherlands Naval 
Air Service before and during World War 
EE. 


Capt. Robert E. Williams 


The Institute has just learned of the 
death of Capt. Robert E. Williams, USAF 
(M), on December 24, 1958. 

Capt. Williams was an Experimental 
Flight Test Officer at the: Air Force 
Flight Test Center at Edwards AFB. 
Before joining the Air Force, he had been a 
Development Engineer with AiResearch 
Manufacturing Co. in California. 

Capt. Williams received a Bachelor of 
Engineering degree from the University 
of Southern California in 1949. 


News of Members 


Necrology 


Halton H. Friend 


The Institute has received notice of the 
death of Halton H. Friend (AF). 

At the time of his death Mr. Friend 
was Assistant to the President, The Arnold 
Engineering Co., in Marengo, Ill. In 
his long career, he had been a senior 
physicist with the U.S. Navy and had 
been associated in engineering capacities 
with RCA, Magnet Alloy Div., Cinauda- 
graph Corp., Bendix Aviation, and Curtiss- 
Wright Corp. He was the author of two 
books—Magnetic Circuit Calculations and 
Things Deserving Consideration in Magnetic 
Design. 

Mr. Friend received a B.S. in Physics 
from Northwestern University in 1926 and 
an M.S. degree in Physics from Lehigh 
University in 1929. He was a registered 
professional engineer in Connecticut, a 
member of the IRE, and a fellow of the 
Society of Motion Picture Engineers. 


Jack Frye 


Jack Frye (F), one of the founders of 
Trans World Airlines, was killed in an 
automobile accident in Tucson, Ariz., on 
February 4. He was 54 years old. 

Mr. Frye was president of the Frye 
Corporation, manufacturer of the F-1 
Safari. 

A former head of Trans World Airlines, 
he helped build TWA from an operation 
with 600 employes to a $70,000,000 
corporation with more than 17,000 
employes. Many operating methods and 
techniques introduced by Mr. Frye at 
TWA are now standard practices on the 
world’s principal airlines. 

A leader in the development of high- 
altitude all-weather flying equipment, he 
worked with Donald Douglas to develop 
the first of the famous DC-series planes. 
In 1934, when he became president of 


Arthur P. Adamson (M), former Mana- 
ger of the Flight Propulsion Laboratory 
Department’s Engine Development Opera- 
tion, Aircraft Gas Turbine Division, 
General Electric Co., has been named 
Manager of its Vertical Takeoff and 
Landing Engine Development Project. 

Cecil W. Barnes (M), IAS San Antonio 
Section Chairman, has assumed the post 
of Deputy Director of Special Weapons, 
San Antonio Air Materiel Area, an AMC 
activity, at Kelly Air Force Base. He 
was formerly Chief, Weapons Systems 
Division, Plans and Programming Office. 

Edward S. Carter, Jr. (A), formerly 
Assistant Chief of the Dynamics Branch, 
has been promoted to Assistant to the 
Chief Engineer, Sikorsky Aircraft, Divi- 
sion of United Aircraft Corp. 

Brig. Gen. Marcus F. Cooper (AF), 
formerly Commanding Officer, Air Force 
Test Center, ARDC, Edwards Air Force 
Base, has been appointed Assistant Ad- 
ministrator, FAA Office of Plans and Re- 
quirements. 

Ernest A. Eichelbrenner (M), formerly 
with ONERA, has been named an As- 
sociate Professor at the University of 
Poitiers, France. 

C. Towner French (A), has become 
associated with General Precision Labora- 
tory Inc., Pleasantville, N.Y., a subsidiary 
of General Precision Equipment Corp., 
as Manager, Military Liaison—Industrial 
Products Division. He formerly was with 
Fairchild Camera & Instrument Corp. as 
General Manager, Industrial Camera 
Division. 

Leroy H. Grumman (HF), Chairman of 
the Board, Grumman Aircraft Engineering 
Corp., received the 19th annual Frank 
W. Hawks Memorial Award from the 
American Legion Air Service Post 501. 
Mr. Grumman was honored with the 
Award for his many contributions to 
aviation throughout the years. 


Robert E. Hage (AF) has become as- 
sociated with McDonnell Aircraft Corp. 
as Vice-President and General Manager, 
Transport Division. He formerly was 
Project Engineer, Boeing Airplane Co. 

James A. Hootman (AF), formerly 
Staff Assistant, NASA, has been appointed 
Secretary of the new NASA Inventions 
and Contributions Board. 

Ephraim M. Howard (AF) has been 
promoted to Department Head, Systems 
Integration, Minuteman Engineering Di- 
vision, at Aerojet-General Corporation’s 
solid rocket plant. He was formerly a 
Technical Specialist on special assign- 
ment to the Manager of Applied Mechan- 
ics and Systems Division, and headed 
Fluid Mechanics and Heat Transfer in 
the Aerophysics Department. 

Lyman C. Josephs III (AF), formerly 
Project Engineer for the F8U-1 Crusader, 
has been promoted to the position of 
Chief Engineer—Aircraft, Chance Vought 
Aircraft, Inc. 

Major Patrick W. Powers, USA (M), 
has been assigned as Special Projects 
Officer in the Technical Liaison Office, 
Office of the Chief of Research and De- 
velopment, Department of the Army. 

Bernard L. Prenovich (AF) has become 
an Associate Member of the Benjamin L. 
Ortiz Co., Consulting Engineers and 
Surveyors, Las Vegas, Nev., handling the 
designing of all types of plant facilities 
to the aircraft and missile industry. 

Charles R. Wood, Jr. (AF), has been 
appointed Manager, Defense Sales for 
the Special Products Division of the 
Weatherhead Aviation and Missile Group, 
The Weatherhead Co. For the past 3- 
years he was special Assistant and Tech- 
nical Advisor to the Commanding General, 
U.S. Army Transportation Supply and 
Maintenance Command. 

(IAS News 
Continued on page 135) 
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Sold at all good engineering and drawing material suppliers ¢ 
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the pencil that’s as good as it looks 


SQUARE WHEELS? Yes... square wheels. Operating 
by means of a floating axle and cam gear, they take the bumps out of 
rough terrain and provide more traction. U.S. Patent No. 2786540 
has been granted to designer Albert Sfredda of Bethlehem, Pa., for 
his invention. 

The square shape gives superior traction in mud, sand, snow or 
uneven terrain. The flat surfaces of the wheels bridge the ruts instead 
of sinking into them as do round wheels. The wheels can be in any 
relative position, do not need to be synchronized—yet they run smoothly. 
Designed for use on heavy trucks, jeeps, farm or construction machinery, 
speeds up to 35 miles per hour can be attained. 

This ingenious departure from age-old precedent is just one example 
of the contributions that today’s designers are making. To help them 
translate their pace-setting ideas from concept to reality they require 
the best of drafting tools. 


In pencils that means MARS, long the standard of professionals. 


MARS-LUMOGRAPH LEADS 
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No. 14 Mars Outstanding Design Series 


J. S. STAEDTLER, INC. 
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Among the famous 
imported Mars draft- 
ing products are: 
Left — 1001 Mars- 
Technico push-but- 
ton lead holder, 
Above — 1904 Mars- 
Lumograph drawing 
leads, 18 degrees, 
EXB to 9H. Below — 
2886 Mars-Lumo- 
graph drawing pen- 
cils, 19 degrees, 
EXEXB to 9H; 2830 
Mars-Lumograph Du- 
ralar—for drafting on 
Mylar®-base tracing 
film —5 special de- 
grees, K1 to K5; Mars- 
Lumochrom colored 
drawing pencils, 24 
shades. Not shown — 
Mars Pocket-Technico 
for field use; Mars 
pencil and lead sharp- 
eners; Mars Non-Print 
pencils and leads. 


Mars Products are 
available at better 
engineering and 
drafting material sup- 
pliers. 


@T.M. FOR GuPONT’S POLYESTER FILM 
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LETTERS tothe Editor 


Lauds A/SE Ad Symposium 


git was a privilege and pleasure to attend 
Arro/SPACE ENGINEERING’s Symposium 
on Aero/Space Industry Advertising during 
the IAS Annual Meeting, and I’d like to 
extend my congratulations to all respon- 
sible. I obtained more useful information 
during its 2-hour duration than I’ve been 
able to get in checker-jumping around the 
country. 

All the various industry-related society 
and association meetings I’ve attended in 
the past have been enlightening and in- 
formative, but sadly lacking in the adver- 
tising ‘“‘meat”’ of the type afforded by your 
Symposium. There should be more of 
them. People in my profession, espe- 
cially in this exciting industry, vitally need 
this information, and it is my sincere hope 
that your session has established a prece- 
dent that will be followed where possible 
at future meetings. Please accept, also, 
my sincere thanks for including me on your 
invitation list. 

I'd also like to take advantage of this 
opportunity to say that I enjoyed meeting 
many on the IAS staff, and to compliment 
the Institute on the excellent organization 
and sound technical content of its 27th 
Annual Meeting. 

Robert B. Hitchcock 

Mgr., Publication & Advertising 
Janitrol Aircraft Div. 

Surface Combustion Corp. 


Planning has already begun for more of 
these meetings. Photos of the first appear on 
p. 23 of this issue of A/SE.—Ep. 


Offers Field Trips Plan 


g About a third of the IAS Sections are in 
aeronautical centers where, because of a 
concentration of research, development, 
and manufacturing facilities, plus some 
very appropriate military activities, there 
exists an almost endless possibility for 
scheduling interesting Saturday field trips. 
However, the other two thirds of the Sec- 
tions are not quite so ideally situated, so 
that geographically accessible points of 
interest are not readily available for a con- 
tinuing program of trip planning. After 
several visits, the local aeronautical activi- 
ties have been covered. Further schedul- 
ing must then embrace some basic indus- 
tries and local operations within the com- 
munity—interesting enough, but not di- 
rectly identified with the advancement of 
the aeronautical sciences. In fact, in my 
area, a well-established brewery has some- 
how been construed as a point of interest 
for aeronautical scientists. 

At this time I should like to use this col- 
umn to make a proposal to other Section 
Chairmen and to the national officers of 
the IAS for a cooperative effort in improv- 
ing the field trip type of activity by ex- 
tending the area of consideration to the 
facilities in other communities, wherein 


airplane travel becomes a part of the field 
trip program. As an illustration, suppose 
that a group of IAS members of the Kansas 
City Section would like to visit the Mc- 
Donnell Aircraft Corp. facilities in St. 
Louis. Concurrently suppose that a 
group of St. Louis Section members would 
like to visit the TWA Overhaul Base at 
Kansas City. Here are two good field 
trip possibilities. Transportation by char- 
tered airplane could be scheduled as fol- 
lows: The K.C. group leaves for St. Louis 
at an early, but reasonable, hour. Upon 
arrival at St. Louis the plane turnaround 
is made, taking the St. Louis group to 
K.C. Upon completion of the program in 
K.C., the St. Louis group departs for 
home. The K.C. group boards the plane 
shortly after it lands in St. Louis and goes 
home. A group of St. Louis Section 
members, not making the trip, would serve 
as hosts and tour guides for the visiting 
K.C. IAS members, while some K.C. 
Section members would be hosts to the vis- 
iting St. Louisans. 

Airplane costs have not been investi- 
gated as a part of this proposal. How- 
ever, the prospect of two round trips with 
a near 100 per cent load factor should keep 
the charge to each member pretty low. 
Furthermore, American, Eastern, TWA, 
and United are all Corporate Members 
of the IAS and might be in a position to 
make field trips of this sort more attrac- 
tive. 

In conclusion, it is urged that the In- 
stitute evaluate the merits of this pro- 
posal and, if fitting, seek to implement a 
plan for carrying out the extended radius 
field trip program. 

Frederick H. Roever 
Chm., St. Louis Section, IAS 

A good idea, plainly put. It is felt this 
program may be readily workable under the 
proposal submitted recently for Council 
study. Any two Sections, however, might 
try it now; a how-goes-it report would 
make interesting reading in A/SE.—Ep. 


Education—Another Approach 


gw | am not as conversant with engineering 
curricula as Mr. Hyman (A/SE, Feb., 
1959, p.5). Being a graduate of the Uni- 
versity of Notre Dame, it is logical and 
natural that I am most familiar with that 
institution. And since Notre Dame inau- 
gurated instruction in aeronautical engi- 
neering in 1935, I assumed that every 
university and some colleges and technical 
schools had made this same progress be- 
fore 1935—or since. 

I agree with Mr. Hyman, in principle; 
things in engineering education are not 
what they might be. However, my ap- 
proach to the problem is fundamentally 
different. I believe that teaching a per- 
son how to think is preferable to teaching a 
person any specific course or set of courses. 
If a person can be taught how to use his 
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inductive and deductive powers, if he can 
be taught how to attack a problem, how 
to get an “engineering approximation” for 
solution in as short a time as possible— 
then it doesn’t make a great difference 
whether the subject of instruction is IC 
Engines or the Basic Theory of Plasma 
Physics. Chances are, when our imagi- 
nary student gets his first engineering em- 
ployment, he will use neither. But he will 
have to know how to think, or rather, how 
to reason, in any employment that he 
might undertake. 

A rational approach to improvement of 
higher education in general—not specifi- 
cally engineering education—would be 
threefold: 

(1) The years spent in the last 2 years of 
elementary school and the 4 vears of sec- 
ondary school should be utilized better. 
Thus, I propose going farther than Mr. 
Hyman. Certain secondary school 
courses should be taught during the last 
2 years of elementary school—e.g., high 
school algebra, elementary biology, the 
service courses (typing and possibly short- 
hand), ete.; several first-year college 
courses should be taught in secondary 
schools, as suggested by Mr. Hyman. 
Personally, I wasted a large percentage of 
my final 2 years of elementary school, and, 
to escape a similar fate in secondary 
school, I completed the prescribed course 
of studies plus electives during the 3 years 
I spent attending high school. 

(2) During the final year of secondary 
school, a serious attempt should ke made 
to counsel students concerning their pro- 
posed vocation. All too frequently a 
young person will choose a career blindly — 
and then spend years debating the wisdom 
of his immature choice. Valid, sincere 
counsel by persons in the various voca- 
tions would alleviate or eliminate the at- 
tendant uncertamty. 

(3) One or 2 scholastic years, of 9 
months’ duration each, should be spent in 
apprenticeship in one’s chosen vocation 
before entering school at the university 
level. This would give the young person 
valuable personal experience on which to 
base his choice of vocation. It is obvi- 
ous that a secondary school graduate 
would not be exposed to the direct rays of 
a high-powered profession, but at least he 
could bathe in the reflected light of a pro- 
fessional. It is postulated that this plan 
would produce more dedicated profession- 
als and fewer distracted laborers. 

Finally, but most importantly, elemen- 
tary, secondary, and university education 
should teach a person a true sense of moral 
values. Specifically, education should 
train the wholeman. Asanexample, edu- 
cation should teach a person to perform 8 
hours of useful work each day for 8 hours’ 
compensation—and enjoy it. 

James A. Martin 
Aero. Res. Engr. 
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new Pesco ACCESSOTIES. .. @ missile-quality 


new 


AXIAL 
FLOW 
FANS 


New Pesco fan designs are constantly being developed for new 
applications, environments, requirements. Built-in Pesco electric 
motor, custom-designed for each application, assures maximum 
efficiency and reliability. Capacities from 5 to 5000 cfm. in 27 
volt d-c, 400 cycle a-c and special designs for cooling airborne 
and ground electronic equipment, helicopter engine oil, missile 
support systems. 


COOLING 
PACKAGES 


Pesco electronic cooling packages are remarkably smaller, lighter, 
quieter, simpler. Integral, miniaturized design eliminates external 
tubing and fittings, avoids leakage problems. All components are 
Pesco—assuring single source responsibility, matched perform- 
ance, less maintenance, faster delivery. Specially designed for 
ground and airborne applications. 


INVERTERS 


For d-c to a-c inversion in missile secondary power systems, Pesco 
Inverters provide maximum reliability, miniaturized package de- 
sign and simplified, rugged construction. The Pesco electric 
motor, speed control and alternator are built integrally on the 
same shaft. Models are adaptable to applications within the 26 
to 56 volt d-c input range. Output may be either single or three- 
phase, 400-cycle a-c up to 12 kva. Inverter maintains output 
voltage to + 1.0% with + 2.5% output frequency variation. 


watch Pesco for continual new developments in: 


@ high-speed, high-temperature hydraulic pumps and motors 
© fuel, fuel booster, cryogenic and propellant pumps 

@ power packages 

@ secondary power systems 

© air pumps and motors 
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High-fidelity Pesco Servo Valves are electro-hydraulic transducer 
type, feature unique flow-sensing principle. Meet toughest missile 
requirements with excellent system stability, insensitivity to 
operating variables and dirt, minimum null shift, fast response, 
faithful reproduction of smaller input signals, minimum threshold 
and dead zone. Miniaturized and designed for consistent, high- 
quality mass production. 


e advanced design 


e high reliability 


These new accessories exemplify the 
advanced production models available 

to meet today’s aircraft/missile 
performance demands. Undivided 
responsibility for component design and 
production enables coordination in 

the development of each new system 

or accessory. True systems engineering 
assures matched component performance 
and maximum reliability. 

When you need a fresh approach to 
accessory system problems, take 
advantage of Pesco’s facilities and 
advanced designs. 


PESCO PRODUCTS DIVISION 
BORG-WARNER CORPORATION 
24700 North Miles Road ¢ Bedford, Ohio 


means progress in 
aircraft/missile systems and accessories 
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Engineering and Scientific Briefs from Correspondents Around the Globe 


Mi-1 ‘Stands on Tail” 
for Short Landing Run 


@ ‘Standing an airplane on its tail” 
has been a figure of speech for years, but 
it becomes almost a reality with the 
dead-engine leading technique that has 
been demonstrated in the Soviet Mi-1 
helicopter. According to the Soviet 
Aviation newspaper and the Wings of 
the Nation magazine, the method re- 
sults in a landing run of no more than 10 
m. (about 30 ft.) because of the abrupt 
flare-out to a nose-up angle as high as 40 
deg. to the horizon. 

Soviet test pilot V. Vinitskiy, holder 
of several world records that have been 
established with the Mi-1 and the Ka-18, 
developed the procedure. As described 
in the Soviet periodicals, the technique 
is as follows: 

In case of engine failure, the helicopter 
is put into a glide at 70-80 km. per hour 
(about 40 knots). When near the 
ground, the approach is flared out by an 
abrupt pitch to a nose-up angle of 25-40 
deg. With the rotor inclined at such a 
large angle to the relative airflow, the 
horizontal speed is reduced and the 
landing can be made at a speed not ex- 
ceeding 10 km. per hour (about 5 knots). 
Upon completion of the flare-out, ‘‘the 
helicopter tail nods,” with ensuing tran- 
sition to the horizontal position. Then 
the vertical descent begins, and the 
pilot gradually increases collective pitch 
to maintain the rate of descent at 1.5-2 
m. (5-6 ft.) per sec. The flare-out 
should not be accomplished at an alti- 
tude of less than 15 m. (about 50 ft.) 
because the tail rotor will strike the 
ground and be damaged. 

Vinitskiy’s method is said to take ad- 
vantage of the kinetic energy due to the 
forward speed of the helicopter. This 
statement, together with the reference 
to the tail’s nodding, indicates that the 
nose-up pitch of the flare-out is accom- 
plished by means of the trimming sta- 
bilizer. As the forward speed is re- 
duced by the flare-out, the trim control 
loses its ability to hold the tail down and 
allows it to swing up to the horizontal 
attitude. If the nose-up attitude were 
achieved with the differential (cyclic) 
pitch control, the forward portion of the 
rotor would be at a high angle of attack, 
and a further increase in rotor pitch 
with the collective control probably 


would stall that portion of the rotor 
“disc.” 


The significance of Vinitskiy’s method 
lies in the extreme flare-out angle uti- 
lized and the resultant short landing run. 
In contrast, the previously normal 
method for such a landing involved a 
comparatively high landing speed, up 
to 60 km./hour (about 30 knots), and a 
relatively long landing run. As de- 
duced in the foregoing paragraph, the 
difference is due to Vinitskiy’s use of the 
stabilizer trim control, instead of the 
differential pitch, to accomplish the 
extreme flare-out. A certain amount of 
hazard is involved in the method, as 
indicated by the statement that per- 
formance at too low an altitude would 
damage the tail rotor. On the other 
hand, a dead-engine landing in any air- 
plane presents its hazards and an un- 
skilled flare-out in a helicopter can cause 
loss of rotor speed. However, when 
faced with such an emergency and inade- 
quate landing space, the short landing 
run of Vinitskiy’s technique could well 
be a lifesaver to any helicopter pilot. 


*‘Compressorless Extrusion” 
Reported in U.S.S.R. Paper 


@ An interesting item noted recently 
in a Soviet newspaper referred to so- 
called ‘“‘compressorless extrusion’ as a 
process in which the high hydraulic 
pressures necessary for the extrusion of 
metal are produced without a compres- 
sor of any kind. The newspaper ac- 
count did not describe the process but 
made vague reference to spark discharge, 
oil-filled container, etc. This item in- 
stigated speculation that the Soviets 
may have found ways of generating use- 
ful power by means of the discharge of 
electrical current within a closed hy- 
draulic cylinder; and United States 
electrical engineers have confirmed that, 
in the case of large oil-filled power trans- 
formers, arc discharge through the fluid 
could cause momentary high pressures 
of such magnitude as to burst the trans- 
former shell. 

Further evidence of Soviet work along 
this line appeared in an announcement 
that the Leningrad Polytechnic Insti- 
tute has developed a process called “‘un- 
derwater lightning,” the discharge of 
electrical current through fluid under 
pressure. To quote the release: “‘Yut- 
kin has succeeded in producing and put- 
ting to work a discharge of far greater 
power than lightning.’’ The article in- 


dicates that it has now become possible 


to bring about a series of momentary 
pressures of enormous magnitude, some- 
thing on the order of tens of thousands of 
kilograms per square centimeter. 

Yutkin has reportedly worked out 
some 150 applications for his process 
in a wide variety of fields. The Soviet 
Academy of Sciences has expressed the 
opinion that his work will find extensive 
application in modern technology and 
lead to fundamental changes in machine 
operations. 

In this country, the opinion has been 
expressed that the Yutkin process, if 
successful, would have tremendous in- 
fluence on the metal-working industries, 
especially in the fields of forging, extru- 
sion, forming, and casting. 


Cold Chromating 
of Parts Reported 


@ The August, 1958, issue of Soviet 
Aviation noted that a new process has 
been found which eliminates disadvan- 
tages encountered in present chromating 
methods for rebuilding used aircraft 
parts. The item states that so-called 
tetrachromate electrolyte, which con- 
tains chromic anhydride, sulfuric acid, 
caustic soda, and sugar and glucose, will 
permit chromating at room temperature, 
with low current density, and a build-up 
rate of 1 micron per min. 

It is pointed out that the new process 
will be much more efficient than the 
present slow process (which uses only 12 
to 13 per cent of the total electrical 
power for deposition of coating, requires 
temperatures of 50° to 70°C., and results 
in plating that is porous and of uneven 
thickness). 


Nuclear Vulcanization 
Announced by Researchers 


@ Experiments on rubber vulcanization 
by means of nuclear energy have re- 
cently been started in the Soviet Union, 
according to news from Moscow. 

The Moscow Research Institute of the 
Tire Industry has reportedly used radio- 
active cobalt for vulcanizing several 
types of heavy-duty tires. It is stated 
that, compared with the best rubber 
produced by ordinary methods, the 
rubber obtained as a result of exposure 
to radioactive cobalt has higher thermal 
resistance, greater resistance to multiple 
deformations, and is more durable. 
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Pilot of a carrier-based Douglas A4D Skyhawk, this 
highly trained flier is on the alert for action at a moment’s 
notice. Today, the Navy’s water-borne “airfields” are 

an effective deterrent to the spread of brushfire wars. 


Providing support for our fast-moving military groups 
assigned to containment of Red threats. Here we see a 
phase of the brushfire operations at Quemoy. 


$951 


The Douglas A4D Skyhawk, pocket-sized 
record-holding support aircraft: 


Classified 

Classified 

Armament ........ Conventional or nuclear 


Depend on D O U AS 
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GUEST EDITORIAL 


Some Remarks on the National Space Program 


Louis G. Dunn, FIAS 
Space Technology Laboratories, Inc. 


The necessity for establishing a sound national space 
program is today one of the problems uppermost in the 
minds of those individuals in Government charged with 
the responsibility of the national welfare. The papers 
appearing in this issue of AERO/SPACE ENGINEERING 
are a further testimony to the widespread interest in, 
and the importance being attached to, the technical 
disciplines associated with space flight. There are, 
in my opinion, a number of salient facts which will have 
a profound bearing on how well we as a nation fare in 
the international space competition. Although these 
ideas, 1 am sure, are neither new nor novel, I believe 
they are worth stating. 

We must first take an inventory of the national 
resources which are immediately available to us and 
then decide how best to utilize them. The acquired 
knowledge, the assembled and trained men, the 
facilities, the associated hardware, and the demon- 
strated results of the United States ballistic missile 
program, particularly the Air Force portion which 
comprises the bulk of the program, must for the com- 
ing half decade and perhaps longer continue to be a firm 
foundation upon which to base follow-on national space 
commitments. 

A review of the many milestones successfully achieved 
during the past 5 years tells a story of hard work, 
inventiveness, accomplishment, and single objective. 
This single objective—the achievement of an opera- 
tional weapon capability at the earliest possible date— 
is being realized. Atlas and Thor are but a few months 
away from becoming operational and ahead of the 
schedule first prepared. 

In addition to this technical and industrial capability, 
there has emerged from this program a multitude of 
space “building blocks’’—tangible, flyable hardware 
now on a variety of production lines across the nation 
which has operated satisfactorily on half-a-hundred 
flights into space. Aside from the deep space flights, 
one should note that, throughout the greater part of its 
trajectory, a ballistic missile travels outside of the 
earth’s sensible atmosphere—i.e., in space. 

We in this country have an obligation to this space- 
enabling capability that has been created. We must 
utilize it with wisdom. With the wide variety of very 
teal space objectives, we should not divert this capa- 


Dr. Dunn was elected President of Space 
Technology Laboratories, Inc., following its 
separation last year from The Ramo- 
Wooldridge Corp. (now Thompson Ramo 
Wooldridge Inc.). He is a former Director 
of the Jet Propulsion Laboratory, a division 
of the California Institute of Technology, and 
holds the Presidential Medal of Merit for his 
work on torpedoes during World War Il, 
and the Patriotic Civilian Service Award for 
research and development done by JPL 
for the Department of the Army. He was 
elected an IAS Fellow in 1953. 


bility to trivial or meretricious ventures, nor should 
we at the behest of interagency competition un- 
necessarily and uneconomically duplicate significant 
elements of it. We should continue to develop and 
expand it, pursuing the weapon system program at its 
proper and planned priority, and phase in the space 
usage with a correspondingly planned priority. 

As a second necessary step in our space program, 
we must continue to develop and expand our present 
ballistic missile and space technology—that is, create 
new capabilities by fostering and sustaining a long- 
range program of applied research in nuclear and ion 
propulsion, in the application of magnetohydro- 
dynamics to re-entry and vehicle problems, in advanced 
propellant chemistry, in the use of plasma physics, in 
advanced communication techniques—all of these and 
many more must be pursued with the intent of direct 
application. We must clearly recognize the danger and 
potential waste in a program that does not provide in 
an orderly manner the creation of new kuowledge to 
replenish and expand that which we are now using. 
In fact, the individuals responsible for any large pro- 
gram have an obligation to replenish the basic technical 
knowledge which made such a large program possible in 
the first place. 

Next, the question should be asked: Are we evolving 
a space program whose architecture is sound and whose 
goals are both attainable and in our nation’s and the 
world’s best interest? At the present, how susceptible 
are we to special pressures, to political expedients, and 
to the random direction of an international contest with 
our opponent calling the shots? We must, every one 
of us, admit the fact that we are indeed competing with 

(Continued on page 54) 


April1959 © Aero/Space Engineering 33 


= 


Richard H. Parvin, MIAS 


Minneapolis-Honeywell Inertial Guidance Cente 


The Earth and Inertial 


Part I—Motions of the Earth 


A WELL-BEHAVED inertial system pro- 
vides its outputs by sensing the forces acting on its 
mass. According to Newton’s laws, these forces will 
be proportional to changes in the velocity and changes 
in direction of this mass. The reference frame, there- 
fore, is ‘inertial space.’’ Inertial space can be con- 
sidered as being the same as celestial space (where the 
positions of the stars are considered fixed), with the 
exception that inertial space may have a constant linear 
velocity with respect to celestial space. 

The earth, however, is not fixed in inertial space. A 
coordinate frame 2, j, fixed to the surface of the earth 
at point O, but inertially stabilized to space, would ap- 
pear to describe the pattern shown in Fig. 1 because of 
the motion of the earth. Notice that it appears to be 
rotating about the celestial polar axis (parallel to the 
earth’s polar axis) but that it actually remains fixed 
with respect to the stars. 


Principal Motions of the Earth 


We know that the earth has several distinct motions. 
Some of these are of no significance to an inertial system 
because they are very small, even when compared to 
the accuracies of present-day inertial components. 
The principal motions are (1) daily rotation about the 
earth’s axis, (2) annual revolution about the sun, (3) 
precession, (4) wandering of the poles, and (5) motion 
in the galaxy. 

Daily rotation, of course, is 360 deg. per day (west to 
east) with respect to the sun. But because of the an- 
nual revolution of the earth in its west to east orbit 
around the sun, the earth has to turn more than 360 
deg. in space to complete one revolution with respect 
to the sun (Fig. 2).' The time required to turn 360 
deg. in space (or with respect to the “‘fixed’’ stars) is 
called the sidereal day which is 23 hours, 56 min., 04.1 
sec. long.” 


The assistance of the U.S. Coast and Geodetic Survey and of 
the Smithsonian Astrophysical Laboratory in reviewing the tech- 
nical information herein is greatly appreciated, as is the assist- 
ance of Mrs. Barbara Scott in the calculations, and Barnet 
Bethel in preparing the illusttations. 
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Mr. Parvin is an aeronautical engineering 
graduate of Alabama Polytechnic Institute 
and has done graduate work in engineering 
management. As an Air Force pilot, Mr. 
Parvin flew strategic combat and MATS trans- 
port missions. Most of his engineering career 
has been in inertial navigation systems and 
support equipment and as a project engineer 
of aviation training devices, including a twin- 
engine flight simulator. He has been active 
in public relations, contract administration, 
and engineering personnel. He is now Senior 
Systems Engineer, Aeronautical Division, Minne- 
apolis-Honeywell. 


Irregularities in Orbital Velocity 


We know the earth’s orbit is slightly elliptical, with 
the sun at one focus of the ellipse. Its distance from 
the sun varies from 1.470(10'*) cm. in January to 
1.520(10'*) cm in July.* From Kepler’s laws (a radius 
from the sun to a planet sweeps equal areas in equal 
time), the orbital velocity of the earth is calculated to 
be 68,970 m.p.h. at its perigee in January and 66,535 
m.p.h. at its apogee in July, as shown in Fig. 3. This 
is a translational motion and not a rotation of the earth 
in inertial space because the earth’s axis remains rela- 
tively fixed in spatial orientation as the earth orbits. 
Furthermore, while the change in velocity shown in 
Fig. 3 is a real acceleration, it will not be sensed by in- 
ertial components which cannot distinguish between 
acceleration and mass attraction. The acceleration is 
caused by the mass attraction of the sun, and the sun 
will equally attract the ‘‘seismic mass’ of the 
accelerometer. 


Precession 


The polar axis is inclined 23 deg. 27 min. to the plane 
of the ecliptic’ or orbital plane. Because of precession 
the polar axis describes a cone about the perpendicular 
to the ecliptic as pictured in Fig. 4.5 This is caused by 
the mass attraction of the moon, sun, and planets on 
the bulges at the equator. These attractions, while 
attempting to pull the earth into perpendicular, 
actually cause it to precess because of the gyroscopic 
action of the rotating earth. This motion is very 
slow—one east to west revolution in 25,800 years. 
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An inertial navigation system inherently senses angular velocities and linear accelerations in lerms of a space coordinate 


system. To, use this information to navigate on or near the planet earth requires a knowledge of the significant motions 


of the earth and of its shape. 

* Part I discusses the several known and accurately measured motions of the earth in inertial space. It is shown that 
the only one sensed by an inertial navigation system is its sidereal rotation about the polar axis. Part II will describe 
the shape of the earth and its effect on gravity, the Schuler period, and the length of a degree of latitude. 
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However, this annual drift of 50.2 sec. of arc® is suffi- 
cient to cause the earth to complete a seasonal cycle 
(when the sun moves from latitude 23 deg. 27 min. N 
to 23 deg. 27 min. S and back) twenty minutes before EARTH'S OReiy 
it has completed a sidereal year,’ or one revolution 
about the sun. The polar axis has precessed about 30 
deg. since early astronomical observations and is now 
nearing its closest point to Polaris. 


Fic. 2. Relationship of solar day to sidereal day. 
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Nutstion 
The relative motions of the moon, sun, and planets 
cause a slight irregularity in the precession rate. This 
irregularity is called mutation and is too small to be of a 
consequence to inertial navigation, having one com- » 
ponent smaller than 10 sec. of arc with a period of 19 ee nee re 
years and another component smaller than 1/2 sec. 
Rao = 82.073 (10°) NM Va = 56,571 KTS. 
Wandering of the Poles Fic. 3. Variations in earth’s orbital velocity. 
So far we have considered only motions of and about 
the earth’s polar axis with respect to inertial space. wos nelieaicn Roae 
One other motion of interest is the periodic wandering 
of the poles on the earth’s surface. There appear to be ae “aes 
two periods involved—an annual period and a Chand- 
lerian period of 14 months. As Fig. 5° shows, the total peas el ROTATION 
excursions stay within +40 ft. of the mean polar axis. 
T 


“FIRST POINT OF ARIES“ 
( HYPOTHETICAL } 
MOVES 50°27 PER 
YEAR WITH PRECESSION 

OF POLAR AXIS 


Fic. 1. Apparent motion of a space-stabilized reference frame— 
+5, Fic. 4. Precession of earth’s axis. 
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Fic. 5. Wandering of the poles, 1940-1947. 


But this means that a geographical position on the 
earth’s surface can move about with respect to the 
earth’s inertial motions. 


Solar System Motion 


Not worth getting excited about—but the earth, 
along with the solar system, has an interesting spiral 
motion within the galaxy, estimated at about 1 revolu- 
tion in 200 million years’ with a tangential velocity of 
about 29,000 knots. 
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Fic. 6. Tangential velocity at earth’s surface. 
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Earth’s Rate in Inertial Space 


As far as inertial navigation is concerned, then, the 
earth’s angular rate of rotation in inertial space is essen. 
tially the sidereal daily rotation (15.04107 deg. per 
hour). 


Coriolis Acceleration 


The tangential velocity at the earth’s surface due 
to its daily rotation is 904.1 knots at the equator and 
reduces to zero at the poles (Fig. 6). Any vehicle moy. 
ing northward would appear to veer to the east unless 
it were constrained to the earth's surface. This ap. 
parent eastward acceleration is the Coriolis effect, 
Any constraint to force the vehicle to reduce its east- 
ward tangential velocity to stay on the same earth's 
meridian is a Coriolis correction. It is said that a train 
engine’s right wheels wear out first because of the con- 
straining effect of the tracks when the train is moving 
northward and the ‘‘nudging”’ effect of the tracks to 
increase the train’s eastward velocity when the train is 
moving southward. 

In vector notation, the apparent acceleration is 


A, — — V 


where 4, is the Coriolis acceleration in ft. per sec.’ 


w is the earth’s rate of rotation in rad. per sec., and V 


is the vehicle’s velocity in ft. per sec. Expanding this 


equation in terms of earth’s coordinates, 


—2wV, sin Lt = A, 
—2wV, = A, cos Lt — A, sin Lt 
—2wV, cos Lt = —A, 


(Continued on page 47) 


Fic. 7. 


Coriolis effect causes westward lag. 
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The new developments in aircraft and missiles create a need for technical reorientation in all respects 


and for understanding of the international competition connected with these developments. 


Flight Into SPACE 


Hollingsworth Franklin Gregory, AFIAS 


Midwestern Instruments, Inc. 


0. SPECIES is the only creative 
species, and it has only one creative instrument, the in- 
dividual mind and spirit of man.” This quotation 
from John Steinbeck seems particularly appropriate 
since all technical achievements of man are an extension 
of hismind. The development of the mind is achieved 
through the senses. For maximum development, how- 
ever, man has had to extend the capability of his un- 
aided senses by instruments and tools. 

Just 2 years ago in San Diego, Calif., I attended the 
first Astronautics Symposium, sponsored by the Air 
Force Office of Scientific Research and by Convair, A 
Division of General Dynamics Corporation. To me, 
then as now, “horizons are truly unlimited.’’ The great 
potential of air power loomed larger and brighter than 
ever before and is even brighter today. Our group was 
referred to by some as ‘‘Magellans of Space,’ although 
my conservative prediction that man could put a device 
near or around the moon within 5 years created some dis- 
pleasure in high positions of the Department of Defense. 

Reference is made to this only to illustrate the differ- 
ence of the environment existing then and today for the 
development and profitable exploitation of the possi- 
bilities of the potentials of air power. Two years ago, 
to have seriously considered sending any device to, or 
near, the moon would have been classified as completely 
unreasonable. Any proposed exploration of the vast 
and challenging area of extra-atmospheric flight would 
have been disapproved. Today such endeavors are 
encouraged. This is, indeed, progress. For, if one re- 
calls, after a decision was made to develop a missile of 
the intercontinental ballistic type, in 1947, with a wave 
of economy in defense, it was reversed by a cancellation 
of the very project that today is the backbone of our in- 
tercontinental ballistic missile effort. The project was 
later revitalized, and today we have the Atlas in orbit 
and many successful test flights in the development to- 
ward an effective intercontinental ballistic missile. 

Visionaries who speculated on man’s conquest of 
space have been succeeded by scientists and industrial- 
ists in the race for flight into space. Today, in my 
opinion, we are in a race and, if not, we certainly should 
be in that race in our attempts to keep technologically 
ahead of Russia. 


Brig. Gen. H. Franklin Gregory commanded 
the U.S. Air Force Office of Scientific Research 
in Washington, D.C., from 1956 to his retire- 
ment in 1958. His richly productive military 
career started in San Antonio, Tex., at Brooks 
and Kelly Fields in 1928, and included 4 
years as air attaché at the American Embassy 
in Paris. 

General Gregory is listed in Who’s Who in 
America as a nationally known aeronautical 
and astronautical authority. He has many 
important “firsts” to his credit; he is the first 
military man to fly the wingless autogiro; 
first to fly the helicopter; and first to make helicopter landings on 
ships at sea. He exceeded all world records in testing the world’s 
first practical helicopter—the Sikorsky XR-4. Development of scientific 
instruments for national defense is General Gregory's primary concern 
as Vice-President, Assistant to the President, of Midwestern Instruments, 
Tulsa, Okla., since his retirement, October 31, 1958. 


Fortunately, in 1956, before the meeting at San 
Diego, a few forward-looking individuals had planned a 
flight into space. This flight was to be made by a small 
4-lb. instrumented package. The package was designed 
as a scientific probe into the unknown—into space—to 
altitudes higher than man had ever thrust any device 
before. The need for information concerning the en- 
velope surrounding us was apparent to some and urgent 
to others. The probe was made to obtain scientific in- 
formation relative to the earth’s magnetic field and 
cosmic radiation intensities for the height of one earth’s 
radius—4,000 miles. There were six probes to be 
launched. These probes were being launched in the 
Pacific in September and October, 1957, under the name 
of ‘‘Project Farside.’’ In October, 1957, the Russians 
launched ‘Sputnik I.” Our ‘Project Farside’’ con- 
tributed to the prestige of the United States in the com- 
munity of nations. 

Since ‘‘Sputnik I’’ we have experienced a demonstra- 
tion of an alarmed and aroused public opinion. The 
Department of Defense has established the Advanced 
Research Projects Agency to ensure that we attain a 
leading military capability in space as quickly as possi- 
ble. This agency represents a large stride in the direc- 
tion of adequate military preparation for the space age. 
It is making contributions in vital areas of establishing 
worth-while projects, setting priorities, coordinating 
efforts, and guiding the many participants in these un- 
dertakings. 
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Congress has enacted a law establishing the National 
Aeronautics and Space Administrationfor the purpose of 
expanding human knowledgeof phenomena in the atmos- 
phere and space, and to preserve the role of the United 
States as a leader in aeronautics and space science and 
technology, and in the application of this knowledge to 
the conduct of peaceful activities within the earth’s at- 
mosphere and space beyond. 

Several attempts have been made to reach the moon. 
To date, the ultimate objective has not been achieved. 
However, altitudes were obtained far in excess of 
early attempts. The Russians have been successful in 
launching a device which is in orbit about the sun. In 
my opinion, their objective was the moon. Their at- 
tempt to reach it, one might say, was a little strong, 
where America’s attempt was a little weak, in relation to 
speed. An object, to be captured by the moon’s grav- 
itational field, must travel at a speed which permits it to 
become an orbiting captive of the moon, and not at an 
excessive speed which would plummet the device 
through and beyond the moon's gravitational field. In 
other words, hitting the moon or orbiting around the 
moon requires extreme precision. 

One American way to solve problems seem to be to 
establish additional headquarters or agencies. Often 
the original structure, if given a little understanding and 
support, will solve the problems with greater efficiency 
and effectiveness. In America, we have but to have a 
decision from the proper authority. Once the decision 
is made, it is but a matter of marshalling the forces from 
our vast technological potential to make the necessary 
effort in order to solve the problem, whether it be to 
construct intercontinental ballistic missiles or to visit 
the moon. 


Man in Space 


Since man’s first successful powered flight at Kitty 
Hawk, only 55 years ago, he has striven to reach higher 
altitudes and to fly greater distances at faster speeds. 
Today man is not content with having already visited 
altitudes where more than 90 per cent of the mass of the 
earth’s atmosphere was below him, of flying at speeds in 
excess of the speed of sound, and of covering global dis- 
tances. This progress already is a tribute to the air- 
man whose skills have played a major role in making 
these achievements possible. Today he is probing 
space with devices that travel at fantastic speeds and at 
altitudes where there exists a nearly complete vacuum. 
The extent to which these devices will replace manned 
devices will be determined in some degree by the opera- 
tional role in which the unmanned devices will be em- 
ployed. 

Serious preparation is now under way for man to enter 
the area already being probed by missiles and rocketed 
devices and satellites. Much knowledge is being as- 
sembled for entering this field. However, much more 
knowledge is required. A tremendous amount of en- 
ergetic effort in research and development is needed to 
increase the total of man’s knowledge in these complex 
areas. I will quote Col. Paul A. Campbell, who was my 
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special assistant for medical research when I com. 


manded the Air Force Office of Scientific Research: “Jt 
can readily be seen how aviation medicine makes 
smooth transition into space medicine, and that the 
problems of space medicine, for the most part, are those 
of aviation medicine projected into more hostile situa. 


tions and environments. 


The human parameter of 


aviation medicine and space medicine, in general, is the 


same.” 


He supports the thesis that one phenomenon 


surrounds our earth with varying characteristics at var. 


ious distances from the surface. 


Quoting my friend, 


Capt. Norman Lee Barr, Chief of Project Research As. 
tronautics Medicine for the U.S. Navy, “Attempts are 


being directed toward 


making the conditions en- 


countered by man in space as similar as possible to those 


which he experiences on earth. 


The limits of the 


physiological variables necessary for survival are known, 
The levels of these variables needed for comfort of living 
are either known or can be estimated fairly accurately,” 

Physiologically, man lives normally in a pressure of 


approximately 14!/. Ibs. per sq. ft. 


The gas which he 


breathes is approximately 21 per cent oxygen and 0.03 


per cent carbon dioxide. 


The most comfortable tem- 


perature seems to be around 70°F. Scientists andairmen 
are exploring daily the effect of acceleration forces and 


the effect of weightlessness. 


The problems of toxic gas 


and cosmic radiation will have to be solved if man is to 
function effectively. The problems of fatigue, isola- 
tion, and confinement certainly will be serious ones for 


consideration. 


All man’s experience is obtained through his senses— 


namely, sight, touch, hearing, etc. 
uring devices in these senses. 


There are no meas- 
There is no basic unit of 


measurement by which man can tell the magnitude of 


what he senses. 


Since there is no unit of measurement, 


man tends to measure changes in those things that he 
observes, those that he detects, in terms of the magni- 


tude of the thing being detected. 


If I were to hold in 


my hand one gram of weight, I could feel it; I could per- 


ceive it by my sense of touch. 


If I hold several pounds 


of weight and add one gram of weight on top of the sev- 
eral pounds, I can detect no change—the percentage of 


change is too small to detect. 


On the other hand, if I 


add several pounds to the first, I can detect the addition 
easily, for the percentage of change is great. 

Another example is that of listening to a musical note. 
If the note is varied by only one cycle, man cannot de- 


tect the difference. 


But, if it is varied by many cycles, 


the ear can easily detect the difference in pitch. Still 
another example is the intensity of sound. The small- 
est change in sound level the human ear can normally 


detect is a 25 per cent change. 


as a decibel. 


The difference is known 
On the decibel scale the difference in 


sound level between a barely audible whisper and a nor- 
mal conversational voice amounts to some 60 db. Such 
a change represents a change in the actual amount of 
energy on the eardrum of approximately one millionfold. 


It was not long ago that a scientist, engineer, or tech- 
nician was a man who aided his mind, his hands, and 
senses with relatively crude instruments and tools to 
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discover scientific facts. Today he requires extremely 
advanced instruments and tools to extend the capabili- 
ties of his bare hands and his unaided senses. These 
instruments and tools are more reliable, more depend- 
able, and more accurate, yet more complicated and com- 
plex. There was a time when an organic chemist 
checked each stage of synthesis by relatively simple 
methods—inelting points, boiling points, perhaps a few 
simple analyses. Today he uses infraspectrometers 
and obtains much more accurate and reliable informa- 
tion in a much shorter time. 

The situation is the same in any area of science or 
technical development. For example, technical physi- 
cists who in the past needed only pencil and paper, and 
perhaps a desk calculator, now require many hours of 
electronic computer time to check their technological 
computations. The simple electroscope with which 
ionizing radiation was discovered has been replaced by 
scintillometers, high-speed computers, and multichan- 
nel differential analyzers. The types of solid-state 
crystals in which we are interested today have to be 
grown in high-temperature vats with precision with- 
drawing apparatus instead of glass beakers. 


Instrumentation in Space Flight 


In the early days of aircraft manufacturing, the air- 
plane was built by the designer from his theoretical 
knowledge, prior experience, and engineering intuition. 
The test pilot then flew it and recorded various readings 
from the dials of instruments on his control panel. 
While he flew the plane in altitudes producing various 
stresses and strains, this info1mation was recorded on a 
pad strapped to his knee. Today the flight testing of 
amodern plane involves taking hundreds of thousands of 
measurements. 

When rockets and missiles are tested, even more 
measurements are required. These measurements to- 
day are made by a highly specialized, reliable, and ac- 
curate instrumentation. When a missile is ground- 
tested today, instruments record more information dur- 
ing a simulated flight than an engineer or technician 
personally could record in a lifetime. Since the flight of 
the Wright brothers, man has truly extended the capa- 
bility of. his senses by instrumentation. Flight into 
space continually will require more complex instruments 
with greater reliability and accuracy. 

Man learned early the necessity of developing instru- 
ments which would permit him to sense more accurately 
his environment. It was necessary to know when that 
gram was added to several pounds and when the pitch 
of the note was changed by a few cycles. As man has 
progressed, complexities have increased. Progress is, 
in fact, similar to a chain reaction. The technical 
achievements of today result from the progress of yes- 
terday. Tomorrow’s understanding of fundamental 
natural law and progress will be based on the under- 
standing obtained and progress made today. As fun- 


damental laws are understood and technical progress is 
made, new technologies result. A technical develop- 
Solutions to these prob- 


ment creates new problems. 


lems bring man face to face with other new problems. 
It can be said that our progress is the result of problems. 
When problems cease to exist, progress will cease to be 
made. 

Again it must be remembered that there is a single 
continuum that surrounds the earth. Air and space are 
convenient ways of describing parts of what is really a 
unified phenomenon. All spacecraft departing from 
earth will have to be aircraft on departure and on ar- 
rival, if the craft is to land on earth. Solutions to cer- 
tain problems of aircraft today are then applicable to 
spacecraft of tomorrow. 

There are serious problems today in the stability and 
control of aircraft and missiles in the supersonic range, 
and many more in the hypersonic range. There are 
problems in aeroelasticity and there are serious struc- 
tural problems. The phenomenon occurring in our jet 
airplane today asa result of vibration from sound energy 
is not completely understood. We have these problems 
as the result of technical development and progress. As 
we enter the age of space exploration, there are problems 
we have not even suspected. The requirement for more 
accurate techniques of measurement and for greater 
speed in measuring will continue to grow greater. We 
probably will have to develop entirely new instruments 
to measure things now unknown. The invention, de- 
velopment, and building of scientific instruments has 
become a field of scientific investigation in its own right. 
The field of instrumentation is increasing in importance 
as we prepare for flight into space. 

The intercontinental ballistic missile, the rocketed 
scientific probes, and satellites which opened an entirely 
new area of flight beyond the earth’s atmosphere, 
coupled with the tremendous development of nuclear re- 
action and their concomitant physical, social, and 
physiological impact, demands that no stone be left un- 
turned to accelerate and expand our never-ending source 
of new knowledge. Proper instrumentation will be es- 
sential in this search. Our country today faces a grave 
threat to our continued way of life. I know of no way 
in which we can leap over it, ignore it, or wish it away. 
The most recent demonstrations of Russian tech- 
nology—placing a satellite into orbit about the sun— 
give evidence that we must be alert to this threat. We 
must face it squarely. As Americans, we always have 
taken great pride—and justifiably so—in our ability as 
a nation to rise rapidly and vigorously to any challenge. 
This has been possible in the past because of our unsur- 
passed industrial and economic potential, reinforced by 
superior scientific and technical know-how. It is ab- 
solutely essential that we maintain a scientific lead over 
any would-be aggressor. The only way we can assure 
continuing peace is through our mastery of an over- 
whelming retaliatory capability. 

Time is a precious commodity, and the use of time 
wisely to enhance our technical capability is one of the 
best investments I know in the security of our country. 
It is within our capability to do that which we desire. 
Technical progress is merely the extension of the mind of 
man. We will make our flight into space. 
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There does not exist, it seems, a clear-cut standard by which we can determine 
an adequate level for our space program. 


The standards we have now 


are the military capability of potential enemies and national scientific prestige. 


The GROWING PROBLEMS 
in the Space Program 


H. Guyford Stever, FIAS 


Massachusetts Institute of Technology 


eee FIRST YEAR AND A HALF of the 
space age has been marked by substantial accomplish- 
ments along certain lines. Organizationally, the im- 
portance of astronautics has been recognized at the top 
level of government with the formation of the National 
Aeronautics and Space Council under the President’s 
chairmanship. The establishment of the National 
Aeronautics and Space Administration with the respon- 
sibility for the nonmilitary aspects of astronautics, and 
the Advanced Research Projects Agency with the respon- 
sibility for the military phases of astronautics has rapidly 
brought into being the agencies which can push forward 
along these lines. The budget has also been adjusted 
upward—it was between 100 and 200 million dollars 
in the last fiscal year; this year it is expected that 
expenditures will be 700 to 800 million dollars; it is 
planned next year to have a budget between 800 and 900 
million dollars. 

In addition, there have been a number of other organ- 
izational moves within the government to take care of 
the expanding problems of space. The National 
Academy of Sciences has formed the Space Science 
Board with twelve ad hoc committees covering a wide 
variety of scientific fields related to space. This board 
will ensure wide participation of scientists in exploiting 
our new space flight capabilities in scientific research. 
Congress has adjusted its organization to a continuing 
and important effort in space by establishing permanent 
committees on astronautics; a host of other units of the 
government, which are touched in any way by space 
considerations, have adjusted themselves accordingly. 
A good example of the latter is the recognition of the 
long-term future potential of nuclear-rocket propulsion, 
which has become an important activity under the 
jurisdiction of the Atomic Energy Commission. 

Industry has also converted itself to the demands of 
the space age. Many companies that had not already 
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since 1956, and is now Vice-Chairman. He 
has recently been appointed Chairman of the 
NASA Research Advisory Committee on Missile 
and Spacecraft Aerodynamics. Dr. Stever 
was graduated from Colgate University in 
1938, and in 1941 he received his doctorate 
in physics at the California Institute of Tech- 
nology, where he did research on cosmic rays 
and electronics for Geiger counter experi- 
ments. In 1958 he was awarded an Honorary 
Doctor of Science degree by Colgate Uni- 
versity. 


become deeply involved through the ballistic missile 
programs of the military services have assembled talent 
to capture a role in the astronautics effort of the 
country. Even academic institutions, notably some- 
what conservative, have begun to adjust their teaching 
in the aeronautical field to give a much more prom- 
inent place to the promising field of astronautics. 

All of this leads to large questions: have we over- 
estimated or underestimated the importance of the 
field of astronautics, our technical capabilities in the 
field, the amount of financial support, government or- 
ganization and coordination required to meet our 
national objectives in this field? The answers to these 
questions will not be found quickly. However, they 
deserve the continued concentration of all interested 
parties. 


Our Current Technical Ability to Meet the Conceived 
Space Missions 


The variety of space vehicles which have been con- 
ceived is great. The best known are the ballistic missile 
and the earth satellite. In between the missions of 
these two vehicles, there are a number of other vehicles: 
the boost-glide vehicle, such as the X-15; the semiballis- 
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tic vehicle, sustained in its curved path partly by cen- 
trifugal reaction and partly by aerodynamic forces gen- 
erated in the rarified upper atmosphere; the semi- 
satellite, or satelloid, a satellite operating in a region 
where the drag of the rarified earth’s upper atmosphere 
would decelerate it quickly except that periodic spurts 
of a small rocket motor are used to keep it orbiting. 


Beyond satellites, there are artificial asteroids of the 
sun, satellites of the moon, probes and satellites of other 
planets, vehicles to land on and take off from other 
planets and the moon, and, finally, true spacecraft 
which can maneuver at will throughout the solar sys- 
tem. 


For many of these missions the intensive ballistic 
missile program of the military services has furnished 
considerable equipment, equipment either already de- 
veloped and now being thoroughly tested or in an ad- 
vanced stage of development. In the field of rocket 
propulsion, for example, taking the key technical field 
of space flight first, ballistic missile rocket boosters 
furnish a capability to carry the space flight program 
many years into the future. The first American 
satellites, Explorer and Vanguard, had initial stages 
which were not high in thrust capability, the Vanguard 
28,000 Ibs., and the Explorer, using the Jupiter C, 75,- 
000 Ibs. Vehicles designed around those rocket motors 
succeeded in putting payloads in the range of 15 to 30 
lbs. in satellite orbits at normal altitudes around the 
earth. However, using either of the two existing inter- 
mediate-range missiles, Thor or Jupiter, with rocket 
thrusts of about 150,000 Ibs. for initial take-off weight 
of about 100,000 Ibs., the payload capability for a 300- 
mile-altitude satellite can be in the range of 1,000 to 
2,000 Ibs. Either of the two intercontinental ballistic 
missiles, Atlas and Titan, in which the initial rocket 
stage has a total thrust of more than 300,000 Ibs., 
can be used to establish a 300-mile satellite in the 2,000 
to 8,000 Ibs. payload category. 


Going on to farther-reaching space missions, vehicles 
boosted by either of the two intercontinental ballistic 
missiles could carry 500 to 2,500 Ibs. to the 22,400- 
mile altitude which is required by a hovering satellite; 
they could also boost a moon impact vehicle of 600 to 
3,000 Ibs., establish a moon satellite of 300 to 1,500 Ibs., 
establish a moon landing of 200 to 1,000 Ibs., go to the 
region of Venus and Mars with 500 to 2,500 lbs., or the 
region of Jupiter with 300 to 1,500 Ibs. Beyond the 
ICBM boosters, rocket engines in the million-lbs.- 
thrust category are under current development. Pre- 
sumably, these will be available in a few years. 
Rocket vehicles based on such rocket motors can put 
25,000- to 50,000-Ibs. payload weight into a 300-mile 
Satellite orbit. 


Offhand, it appears that there is no need for new 
developments in propulsion to accomplish the space 
flight program. This is not so. The liquid-propellant 


rockets now at hand or soon to be at hand, though light 
in weight, have rather low specific impulses and are 


used best to establish a space mission by setting up all 
of the required kinetic energy during the initial burning, 
employing only small correcting spurts of rocket power 
later. They do not permit great flexibility in maneuver 
which will be desired in later space missions. Ion 
engines, nuclear rockets, and other reaction motors, if 
developable, will be used. 


The development time for these engines is clearly 
going to be quite long; unless started now, they will not 
be available when wanted. Furthermore, one cannot 
fall back on the large resources which were available 
from military sources for the development of the current 
liquid-propellant rocket motors. Most of the more 
obvious urgent and immediate needs of the military 
seem to be quite well met by existing or soon-to-exist 
liquid-propellant rocket motors. In fact, the urgent 
ballistic missile rocket developments of the military 
seem to be tending away rather than toward those re- 
quired for the more remote space missions. Smaller, 
more reliable, more easily handled ballistic missiles and 
satellite vehicles for reconnaissance appear best de- 
signed around rocket boosters, which are not necessarily 
the best for the extreme space missions. Though both 
the military and nonmilitary space activities will profit 
from each other’s rocket developments, it is unlikely 
that identical rocket engines will continue to serve both 
optimally. 


In the area of guidance, the nonmilitary space pro- 
gram also inherits a great deal from the ballistic missile 
efforts of the military services. This can be seen by an 
analysis of the required accuracy for a ballistic missile 
mission. Although this is classified in its detail, a sim- 
ple calculation indicates that an error of 1 ft. per sec. in 
the burn-out velocity of about 24,000 ft. per sec. of a 
ballistic missile designed to go about one-fourth of the 
way around the earth, will result in a miss of about 1 
nautical mile. Knowing roughly the radius of action 
of nuclear warheads, one can guess that this range of 
accuracy is the objective of ballistic missile develop- 
mental programs. Presumably,such an accuracy, if not 
already reached, is within reach. What does an error 
of 1 ft. per sec. mean in terms of more remote space 
missions? Such an error represents a departure from 
circularity of orbit of an earth satellite of about 1 mile if 
the satellite is in the altitude of 1,500 miles. That same 
error of 1 ft. per sec. in final velocity represents a miss of 
something less than 100 nautical miles in shooting at the 
moon, an error of 20,000 to 25,000 nautical miles in 
shooting at Mars or Venus, of 65,000 nautical miles 
shooting at Jupiter. In some of the earlier experiments 
with these objectives, such accuracies are tolerable. 
So, for the one-shot type of space mission, the accuracy 
of guidance obtainable in ballistic missiles seems suffi- 
cient for a number of important jobs. 


Again, one can easily be misled by the technical situa- 
tion. Current guidance will be good for only a few 
years into the future. When demands are extended to 
include mid-course or final guidance, a whole new array 
of equipment must be developed: inertial elements, star 
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trackers, vehicle-contained radars to measure distances 
and positions of remote planets, terminal guidance de- 
vices to locate the horizon of a planet as it is approached, 
altitude-measuring devices, and terrain feature sensors. 
For many of these devices, though they will employ 
some of the components required for the more urgent 
military space missions of the future, a great deal of the 
developmental effort must be carried on the basis of the 
nonmilitary space mission program. Again, there is a 
requirement to start these developments early. 

In the design of the vehicles to enter the atmosphere 
of the earth or any other planet, there is a clear over- 
lapping between military and nonmilitary space ac- 
tivity. Except for the elements of the heat-sink and 
ablation re-entry techniques, the space program does 
not inherit a great deal from the ballistic missile program 
at the present stage. There is much to be done, 
especially in entry techniques which permit maneuver. 

In the field of tracking and communication, and in 
the establishment of the necessary ground-station net- 
work, the nonmilitary space effort does not inheret a 
sufficient capability from the previous military efforts. 
There are, of course, large military developments of 
detection and tracking equipment for the antiballistic 
missile mission. These radar developments will be of 
great use in the space mission, but will not permit track- 
ing of vehicles far away from the earth, for the ranges 
to which a radar can track a passive vehicle are limited 
to the order of thousands of miles. Long-range radio 
tracking equipment must be developed. 


Furthermore, the locations of the ground tracking 
and communication stations that will be needed for a 
nonmilitary space program do not coincide with the 
locations of stations involved in a military tracking and 
communication network. For more distant space 
missions, the equatorial belt of the world is generally 
desirable, whereas military placements of ballistic and 
antiballistic stations are concentrated in the northern 
parts of the Northern Hemisphere. 


In summary, from the standpoint of our total tech- 
nical ability to design, build, and operate successfully 
the many space vehicles which are now conceived, we 
find that we have a capability of carrying on nonmilitary 
space operations for some few years into the future, due 
to an inheritance of equipment from the ballistic missile 
program of the military services, combined with the 
rather easy and obvious development extensions of other 
apparatus. However, for the more remote operations 
in space, new devices are needed, the development time 
of which will probably exceed the time available even if 
a major development in the field is started now. Fur- 
thermore, many of the developments will not fall 
naturally out of high-priority military developments. 


The Uses of Space and Growing Problems of Program 
Balance 


During the last year, concepts and understanding of 
the important uses of astronautical capability have been 
formed. There has never been any question of the 
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military importance of some of the phases of astro- 
nautics. Ballistic missiles, reconnaissance satellites, 
semiballistic bombardment, and reconnaissance craft, 
and a number of other devices have been considered 
most important to the military mission and well worth 
exploitation. 


The split between military and nonmilitary space 
effort, while desirable in many ways, poses a serious 
problem to military planners. It is almost certain 
that, as space capability grows, new military uses of 
space, not now foreseen, will become apparent. Ina 
divided program, the military services will find it more 
difficult to grasp the significance of these quickly and 
will, because of only partial control of the program, find 
it harder to marshall all the resources to capitalize on 
these ideas. 


In the field of scientific research, the last year has 
brought forth a much clearer examination of the types of 
experiments which can be performed by space vehicles, 
Astronomy and physics clearly are the first fields to 
benefit, but meteorology, biology, and a number of 
others follow in close line. However, it now appears 
that the expected developments of current space 
vehicle capabilities will actually outrun the develop- 
ment of the scientific apparatus for use in the research 
program. To date, the scientific experiments that have 
been performed in satellites have been quite elementary. 
It is true that a few have shown a large payoff. But 
there is a very long way to go in the development of 
scientific apparatus to take advantage of our space 
flight capability, and this effort seems to be going too 
slowly. 

Another series of related important uses of space 
flight which has become clearer during this past year 
is the employment of satellites for communication relay 
stations, for navigation, and meteorological satellites. 
These practical uses of our space capability to improve 
our life on earth seem to be within easy reach, at least 
with respect to the development of the space vehicle 
capability and the development of the equipment to go 
aboard. The equipment is not at hand, but a reason- 
able program can produce it. It will probably come 
so rapidly that there will soon come a time when equip- 
ment development for these satellites will not be the 
most urgent problem, but that rather government reg- 
ulation and control will be the prime issue. Progress 
in national and international organization to meet 
these problems has not yet been very substantial. 


Finally, there seems to be no clear-cut standard by 
which we can determine an adequate level for our space 
program. It is clear that we want to proceed forward 
along all the lines I have mentioned, but what is the 
priority? How fast should we go along each one? Is 
one much more important than the other? On the mili- 
tary side, we have the military capability of potential 
enemies with which we must compare our own efforts. 
On the scientific and exploratory side, not only is there 
the general desire of scientists, explorers, and adven- 
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Artist’s painting of the X-15 during later stages of engine burning at threshold of space flight phase of a mission. 


SPACE FLIGHT IN THE X-15 


Clayton C. Clark, Jr. 


North American Aviation, Inc. 


The objectives of the X-15 program are primarily 
concerned with the problems 

resulting from the flight conditions encountered 
during re-entry from space flight; 

the design emphasis has been placed accordingly. 


Mx TRAVERSED the face of the 
earth for thousands of years at a maximum speed of 10 
m.p.h. on foot until the domestication of the horse 
about 15,000 B.C. extended this speed capability to 35 
m.p.h. on horseback. He achieved a speed of 120 
m.p.h. by 1900 A.D. with the steam locomotive. A 
record altitude of 72,395 ft. was reached by a man in a 
balloon gondola in 1935, and a speed record of 671 
m.p.h. was established in 1950 in an operational jet 
fighter airplane. Five years later a man had flown a 
research airplane at approximately 1,400 m.p.h. 
Today man is poised on the threshold of space 
flight, anxiously awaiting the final preflight instrumen- 
tation and check-out of the airplane that will give him 


Clayton C. Clark, Jr., a native of Minnesota, 
graduated from the University of Minnesota in 
1945 with a Bachelor of Science degree in 
Aeronautical Engineering. He was an aero- 
dynamicist with the Los Angeles Division of 
North American Aviation for 6 years. In 1957 
he was assigned to the Office of Plans and 
Programs and is responsible for strategic and 
research systems in that office, in particular 
for the X-15. Prior to joining North American, 
Mr. Clark was with Transocean Air Lines as a 
flight-test engineer and analyst at the Landing 
Aids Experiment Sfation in Arcata, Calif. 


a speed and altitude capability of over 3,600 m.p.h. 
and 100 miles, respectively. This rocket-powered 
airplane, known as the X-15, was designed and built 
by the Los Angeles Division of North American 
Aviation, Inc., for the Air Force, the NASA and the 
Navy. Theairplane (Fig. 1) was unveiled in Oct., 1958. 

The objective of the X-15 research program is to 
explore the flight spectrum to be traversed by future 
generations of operational aircraft, particularly the 
problems associated with re-entry into the earth’s 
atmosphere after an excursion through space. 

The knowledge gained will be used in the design of 
these future high-speed, high-altitude air vehicles. 
The objective may be divided into four major consider- 
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Fic. 1. Scott Crossfield, who will be the first man to fly the 
X-15, is shown in an especially designed full-pressure suit. 


ations: (1) demonstrating the integrity of structural 
designs under intense temperature conditions caused 
by aerodynamic heating, especially during re-entry 
into the earth’s atmosphere, (2) the stability and con- 
trol (Fig. 2) characteristics to be required for flight in 
both the earth’s atmosphere and space, (3) correlation 
of simulator and flight data and establishment of a 
basis for projection of requirements for future studies 
of this nature, and (4) the physiological and psychologi- 
cal factors to be considered for the human occupants, 
such as acceleration and deceleration forces, weightless- 
ness, confinement in space suits, crew escape, etc. 

The limiting design considerations involved in the 
development of the X-15 in order to assure a timely, 
economic, and reliable vehicle were time, state of the 
art, safety, and cost. The flight test results must be 
available appropriately in time so that they can be 
incorporated into the design of these future air vehicles. 
Therefore, the development of various advanced sub- 
systems was not to cause undue delay in delivery of the 
air vehicle. This required the creation of the oper- 
ating environment where necessary, such as in the in- 
strumentation bay. Safety for the pilot involved 
many new designs and engineering efforts, such as a 
new pressure suit and ejection seat. Reliability and 
reasonable cost were attained by providing the mini- 
mum practical vehicle capable of satisfying the mission 
requirements. 


The X-15 Airplane 


Configuration 


The X-15 is essentially conventional in external 
appearance with the exception of the wedge-shaped 
upper and lower vertical tail surfaces and the side- 
fairings running almost the entire length of the fuselage. 

The wing is a mildly swept (C/4 25°) tapered 
symmetrical airfo:] having a thickness of 5 per cent. 
The solid leading edges of the wing have a radius of 
approximately 3/8 of an inch and act as a heat sink 
rather than the sharp leading edges for reduced drag 
of a current supersonic fighter airplane, such as the 
F-104. The leading edges are in segmented sections to 
avoid spanwise thermal stresses. 
wing are used for landing. 

The horizontal tail” panels are deflected simul- 
taneously for pitch control and differentially for roll 


The flaps in the 
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control. These panels have negative dihedral to get 
them out of the wake of the wing. The “rolling tail” 
was incorporated because the actuators for conven- 
tional ailerons would have been subjected to unduly 
high temperatures in the wing, and they also would 
have been sufficiently large to protrude outside the 
mold line of the airfoil section. 

The vertical tail has a thick, wedge-shaped airfoil, 
and is distributed area-wise almost equally above and 
below the aft fuselage to assure adequate stability 
throughout the speed and altitude regime. The outer 
extremes of the verticals are all-movable, and the lower 
movable panel is jettisoned just prior to landing so that 
it would gain ground clearance with the rear landing 
gear extended. Speed brakes are located in the fixed 
portions of the upper and lower verticals. The side 
fairings on the fuselage contain the hydraulic, electrical, 
control, and fuel lines to avoid the problems of sealed 
passages through the center tank sections. 


Subsystems 


There are eight major subsystems in the X-15 re- 
search airplane. They are the engine, the propellant 
system, the hydraulic system, primary flight controls 
(aerodynamic), the ballistic control system, the auxil- 
iary power system, the environmental control system, 
and the ianding gear. 

The basic propulsion unit to be used in the X-15 
is the XLR-99 single-chamber rocket engine designed 
and built by the Reaction Motors Division of the 
Thiokol Corporation. It has a rated maximum thrust 
of over 50,000 Ibs., and is throttleable from partial to full 
power. This engine will burn liquid oxygen and liquid 
anhydrous ammonia. It will be first installed in the 
third X-15. The first and second X-15 airplanes will 
each have two RMD XLR-11-5 rocket engines in- 
stalled during initial flight test operations. These 
proven engines, one of which powered the X-1 research 
airplane, are placed one above the other in the aft 
fuselage of the X-15. These engines are not throttle- 
able, as such, but can supply a thrust of from 2,000 
Ibs. to 16,000 Ibs. by selective ignition of from one to 
eight of the rocket chambers of the dual configuration. 
The fuel used in these interim engines is liquid oxygen 
and alcoho]. The XLR-99 and XLR-11 installations 
are interchangeable, and, ultimately, all three air- 
planes will have the -99 engine installed. 

The propellant system has two main fuel tanks which 
are located in the center fuselage section. Helium gas 
is used for tank pressurization and fuel expulsion. 
The rate of fuel flow is in excess of 10,000 Ibs. per min. 
It is interesting to compare this rate with that of a 
current operational fighter airplane, such as the F-100, 
which consumes 30,000 to 40,000 Ibs. per hour. De- 
composed hydrogen peroxide is used to drive the tur- 
bine-propelled pump which boosts the fuel and oxy- 
dizer up to engine manifold pressure. 

The X-15 hydraulic system which powers the verti- 
cal and horizontal tail control surfaces, the speed brakes, 
and the landing flaps consists of two completely sepa- 
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rate 3,000 psi systems operating in parallel. This 
hydraulic system is driven by a new “piggy-back” 
combination of pumps, which receive power from the 
two APU units. 

The primary flight controls are the moveable aero- 
dynamic surfaces which are designed to operate with 
high surface loads, high load factor, and high oper- 
ating temperatures. The X-15 does not have an auto- 
matic flight control system as such, but it does have 
hydraulic actuators with a damper system for stability 
augmentation about all three axes. 

The ballistic control system is composed of small 
thrust units located in cruciform in the X-15 nose for 
pitch and yaw control and in the wing tips for roll. 
These control units use hydrogen peroxide jets for 
thrust. They will be used to control airplane attitude 
in the regions of flight where the air density is too low 
for the aerodynamic control surfaces to be effective. 
The pilot will move the ballistic control grip for desired 
airplane movement in the same manner as he would the 
aero-control grip. This system was designed and built 
by Bell Aircraft Corporation. 

The twin auxiliary power units (APU) were made 
by General Electric. These units are driven by hy- 
drogen peroxide fuel and operate in parallel. They 
supply the hydraulic and electric power for the various 
subsystems, instruments, and instrumentation. 

The Garrett Corporation’s AiResearch Division de- 
veloped the environmental control system which sup- 
plies the pressurization and temperature control for 
the cockpit and equipment bay. Liquid nitrogen con- 
tained at —300°F. is vaporized to supply the necessary 
environment in these specially insulated areas. This 
system weighs 150 Ibs. and has a cooling capacity of 
27,000 B.t.u. 

The mechanically operated landing gear consists of 
dual nose wheels and twin steel skids located in the 
aft fuselage. This gear is extended using gravity and 
the airstream for force. The use of a nose wheel is 
feasible because it is located in ready access to the 
favorable cockpit temperature environment, but to 
have wheels and brakes for the main gear would have 
required additional temperature protective environ- 
ment in the aft fuselage with an associated and un- 
necessary weight penalty. Therefore, the use of steel 
skids on the main landing gear avoids creating addi- 
tional protective environment and provides a natural 
braking force for deceleration during the landing 

ground run. 


Materials and Structure 


The selection of appropriate structural materials was 
based on isolated material strength characteristics at 
high temperatures, the availability of the material, 
and the relative predicted ease of fabrication, such as 
peculiar welding or forming properties. Skin gages 
were chosen to assure that required design temper- 
atures were reached but not exceeded, and also to de- 
termine how built-up structure functioned at high 
Operating temperatures. This also assisted in keep- 
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Fic. 2. Schematic sketch of the X-15 ballistic control system 


that will be used in space for attitude control since conventional 
aerodynamic controls will not be effective. 


ing the weight low. The thermal and flutter character- 
istics of the selected design was extensively proof- 
tested in thermal and aerodynamic wind tunnels. 

The temperatures to be encountered exceed 1,000°F. 
at the leading edges. These predicted peak tem- 
peratures together with the high temperatures on other 
portions of the airframe resulted in the selection of 
Inconel X, a nickel alloy steel developed by the Inter- 
national Nickel Company, as the material to be used 
on the entire outer surface of the X-15. The integral 
tank portion of the fuselage is subjected to internal 
temperatures of —300°F. caused by the liquid oxygen 
and external temperatures exceeding 500°F. caused 
by aerodynamic heating which occur simultaneously 
with high air loads at maneuvering load factors. The 
materials selected for most of the primary structure 
were titanium and stainless steel, with some aluminum 
used where heat and loads will not be excessive. The 
X-15 will be approximately 65 per cent welded to- 
gether, whereas current operational aircraft are nearly 
100 per cent fastened, using rivets, bolts, etc. This 
is a sign of the trend in fabrication techniques toward 
all-welded construction which will be used in many 
future airplanes. The forward fuselage containing 
the cockpit and equipment bay is of semimonoque con- 
struction as is the aft fuselage section which contains 
the power plant and supports the empennage. The 
center integral tank section of the fuselage is of monoque 
construction. The wings have an A-frame construc- 
tion at the root section for tying into the wing-support 
frames which are an integral part of the tank structure, 
thus avoiding a carry-through spar which would com- 
plicate the tank construction. New welding techniques 
had to be developed, such as the use of evacuated, 
inert-gas-pressurized shields for welding titanium, to 
prevent weld contamination and loss of strength. The 
welding also required the development of new inspec- 
tion techniques, such as the use of X-ray equipment. 
The program also featured the development of a brazed- 
sleeve tubing joint for the various plumbing lines to 
contain the hard-to-hold liquids and gases at extreme 
temperatures and pressures. The extreme operating 
conditions of pressure and temperature to be encoun- 
tered required the search for and experimentation with 
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new plastics for bladders and seals, and also a new hy- 
draulic fluid. 

The necessary materials, techniques, and tolerances 
required in the fabrication of the three X-15 airplanes 
demanded the use of “‘hard’”’ production-type tooling 
rather than “‘soft’’ prototype tooling. This is also 
a sign of what will be required for the production of 
the first few copies of future aircraft, even though the 
number of vehicles initially ordered may be small. 


Instrumentation 


The primary guidance equipment for the X-15 is an 
inertial flight data system using a three-gyro stable 
platform which will provide velocity, altitude, and 
attitude information. The data from this system de- 
veloped by Sperry Gyroscope will be displayed on cock- 
pit instruments as well as recorded for later analysis. 
In addition to this information, the pilot cockpit display 
will also include engine operating parameters, addi- 
tional attitude reference with respect to the earth’s 
surface from a three-axis indicator, developed by Lear, 
and instruments for monitoring the auxiliary equipment 
operation. 

The flight test data, which will be recorded during 
the various missions, include pilot action, such as con- 
trol movement; airplane response; and performance 
data, such as speed, altitude, acceleration. The X-15 
has provisions for measuring and simultaneously re- 
cording approximately 600 temperatures, 140 pressures, 
and 65 strain-gage readings strategically located on the 
various surfaces and structure to obtain pressure and 
temperature distributions, heating rates, and struc- 
tural load patterns. Approximately 90 channels of 
priority data will be telemetered to the three ground 
stations specially constructed for this program. The re- 
mainder will be recorded internally in the X-15. Photo- 
graphic records of control surface movement and 
fuselage bending will also be made. 


Pilot Gear 


The pilot will wear a new full-pressure ventilated 
suit developed by the David Clark Company. This 
flight garment combines “‘G”’ protection with an envi- 
ronmental control system for ventilation, pressurization, 
and temperature, independent of the cockpit system. 
‘The suit’s pressure feature is actuated if the cockpit 
pressure system fails. The suit also provides the pilot 
with adequate protection against the ‘‘wind blast” 
forces, the ambient temperature, and pressure condi- 
tions during ejection, should escape be necessary. 
The suit also supplies oxygen to the pilot. 

The ejection seat is designed to protect the pilot 
against tumbling and flailing through stabilization 
devices and restraint. The seat will automatically 
separate from the pilot after adequate deceleration, 
and his parachute will deploy automatically. 


Phases of Flight 


The X-15 has been designed to perform a variety of 
missions in order to properly and completely evaluate 
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the many factors of exit, space flight, and re-entry. 
Speeds of over 3,600 m.p.h. will be attained and alti- 
tudes of over 100 miles will be reached on various 
flights. The altitude and speed reached during a given 
mission trajectory will depend on the initial exit atti- 
tude assumed and the acceleration force applied. The 
pilot action required in the rarified air of the outer re- 
gions will include alignment of aircraft attitude, moni- 
toring flight instruments, and establishment of desired 
aircraft attitude for re-entry. 
shown in the adjacent figure. 


A typical mission is 


The X-15 is carried aloft under the right wing of a 
B-52 carrier airplane. The carrier will take off at 
Edwards AFB and fly to a position near Wendover, 
Utah, for the X-15 release for a maximum effort mis- 
sion. This configuration requires that the X-15 pilot 
be in the cockpit from prior to carrier take-off until he 
lands the X-15 at the end of his mission—an elapsed 
time of approximately 2'/. hours. The pilot may 
escape from the X-15 by ejecting up over the B-52 
wing, if necessary, while the research airplane is still 
attached to the carrier. Normally, recovery of both 
the X-15 and the carrier airplane will be Edwards AFB. 


Space Flight in the X-15 


Space may be considered to begin at altitudes of 
approximately 120,000 ft. for the speeds which are in- 
volved in the X-15 program. It is in this region that 
the aerodynamic controls will be ineffective due to the 
low dynamic pressures involved. The X-15 will allow 
the extension of human experience in a weightless con- 
dition by several times the length of time currently 
achieved in “‘pull-up—push-over’’ maneuvers in present 
day operational aircraft. 

Under the present plan, the X-15 pilot will not be 
required to perform any special task procedure as part 
of a physiological or psychological study as such, but 
he will be monitoring his flight instruments and mov- 
ing his control systems to maintain airplane attitude 
and control through the various stages of the mission 
since there is no autopilot. 


One of the questions that is often asked is—will the 
pilot be more susceptible to vertigo under the weight- 
less condition to be encountered at extreme altitudes? 
This is a controversial subject with positions on both 
sides of the argument. It is generally expected that 
he will have no more of a problem than on an instru- 
ment flight in today’s current operational aircraft. 
Special protection against radiation effects has not been 
included for the pilot since opinion based on results of 
data gathered by balloon, missile, and satellite experi- 
ments does not deem it necessary, especially in view of 
the relatively short periods of exposure. 


The air vehicle has been painted black to establish 
as high a rate of emissivity as possible for the dissipa- 
tion of heat resulting from aerodynamic heating in order 
to reduce the heat absorption of the X-15 structure. 
Solar heating of the X-15 is expected to be of no conse- 
quence. 
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The airplane fuel spaces are filled with pressurized 
inert gas as fuel is consumed. The greatest fire danger 
exists at launch during engine light-up, but once lit, 
explosion is not likely. Once the fuel supply is spent, 
the danger of fire or explosion is essentially nil. How- 
ever, in the event of control failure or air vehicle 
damage while at high speeds and extreme altitudes, the 
pilot will remain in the X-15 until it has descended to 
low enough altitudes and decelerated sufficiently to 
allow safe ejection. He would not be able to survive 
the re-entry forces and temperatures that the X-15 
can tolerate. To eject in space would simply put him 
into a parallel trajectory and subject him to similar 
re-entry conditions as the airplane. 

The X-15 will be tracked during the entire mission 
by radar at the ground stations of the test range and 
the pilot will be in continual radio contact with these 
stations. This monitoring together with the instru- 
mentation assures a complete set of data for flight 
guidance, pilot safety, and flight analysis. 


Conclusions 
The objectives of the X-15 program are primarily 


concerned with the problems resulting from the flight 
conditions necessarily encountered during re-entry 


+ + 


The Earth and Inertial Space (Continued from page 36) 


from space flight. It is for this reason that design em- 
phasis has been placed on the air vehicle configuration, 
structure, materials, stability, and control require- 
ments associated with the re-entry phase. These con- 
ditions must logically be proven to be satisfactorily 
solved before concentrating effort on manned space 
flight for extended periods of time, since any flight is 
programmed to ultimately terminate in re-entry into 
the earth’s atmosphere. 

The design and manufacture of the X-15 has re- 
quired the development to a large degree of all the 
elements that are necessary for more extensive space 
travel. The flight test program will afford the veri- 
fication of predicted characteristics and the correlation 
of this estimated and theoretical data with data 
gathered in actual flight. 

The X-15 research program is a logical and necessary 
step in man’s progress to understand and control the 
natural elements of his environment and adapt them 
to his use. No longer satisfied with the limits of his 
environmental elements within the earth’s atmosphere, 
man is poised at the threshold of space, preparing to 
extend his realm of activity to the relatively unknown 
regions of outer space. The X-15 program is a giant- 
sized step in this direction. 


+ 


where V,, V., V, and A,, A,, A, are vehicle velocities 
and apparent accelerations in the earth’s coordinates, 
north, east, and up, and L¢# is the latitude of the 
vehicle. In the equations above, g is positive away 
from the earth. This shows there is a Coriolis effect 
in all three dimensions of the earth coordinate 
system. 

Regardless of the direction of the vehicle’s hori- 
zontal velocity, the Coriolis effect appears to be an 
acceleration to the right in the northern hemisphere 
and to the left in the southern. 

A second Coriolis effect is apparent on a vehicle 
which has a significant change in altitude. A missile 
fired straight up would tend to maintain the original 
tangential velocity of the launch point. But to fall 
back to the launch point—an academic case—it should 
maintain instead the same angular velocity of the 
launch point. This effect of the Coriolis acceleration 
would make the missile lag the earth, or fall to the west 
of the launch point, as shown in Fig. 7. 

The g component of Coriolis acceleration can be vis- 
ualized by picturing a projectile fired due east, tangen- 
tially to the earth’s surface. To an observer on earth, 
rotating toward the projectile, there would appear 
to be an upward force opposing gravity. An observer 


watching a projectile fired westward would be rotating 
away from the projectile and would therefore observe 
a force aiding gravity. 
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(This article will be concluded in the May issue. Part 
II will discuss the shape of the earth and its effect on 
various parameters of interest to inertial navigation.) 
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* ... to provide a unified survey of the fundamental theory 


of satellite orbits and to illustrate the theory, 


as much as possible, by numerical data presented in graphical form.” 


Satellite Orbit Mechanics 


= DEVELOPMENTS in the tech- 
nology of rocket vehicles, which have culminated in the 
successful launching of artificial earth satellites by both 
the Soviet Union and the United States, have stimu- 
lated considerable interest in orbital motion, particu- 
larly in those industries related to rocket development 
and its applications. In the community of scientists, 
interest is high because a skillfully instrumented satellite 
represents a valuable probe with which man can delve 
more deeply into the secrets of nature. The military, 
on the other hand, is concerned with possible applica- 
tions of space vehicles in the development of new weap- 
ons systems. It is proposed, therefore, in this article 
to provide a unified survey of the fundamental theory 
of satellite orbits and to illustrate the theory, as much 
as possible, by numerical data presented in graphical 
form. 


The Physical Model 


In approximate calculations of satellite orbits, a 
convenient assumption, which does not depart seri- 
ously from reality, is that the earth is a sphere of 
homogeneous mass distribution. The problem of 
motion of a satellite around the earth is then reduced 
to that of one mass point (satellite) in the gravitational 
field of another fixed mass point (the earth). This 
model, however, is not an exact analog of the physical 
case because the earth is not perfectly spherical in 
shape but resembles an oblate spheroid. Nevertheless, 
if the object of interest is that of the general orbit con- 
figuration, the errors incurred by assuming a spherical 
earth can beignored. For example, the principal effects 
of the oblate shape of the earth on the orbit of a satellite 
are: a regression or rotation of the plane of the orbit 
about the axis of the earth, and advance of perihelion 
or rotation of the orbit itself in its own plane. Dr. 
Whipple! has calculated a regression of 3.1° per day 
and an advance of perihelion of 0.4° per day for the 
orbit of Sputnik I, the world’s first artificial earth 
satellite. Other effects that might be considered con- 
cern aerodynamic drag, orbit perturbations due to the 
gravitational field of the sun and moon, and the motion 
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of the earth around the sun. Aerodynamic drag causes 
a decay in orbit size, a decrease in periodic time, and 
an increase in the satellite’s orbital velocity. 

The main effect of the field due to the sun on the 
satellite-earth system is to carry the system as a whole 
in an orbit about the sun. Moreover, since the mass 
of the earth is predominantly greater than that of the 
satellite, the center of mass of the satellite-earth system 
may be taken at the center of the earth, so the earth 
may be considered stationary relative to the satellite. 
In general, the effects mentioned are extremely im- 
portant if it is desired to track the satellite point by 
point or to utilize perturbation data for scientific 
purposes but are relatively minor if one is concerned 
with the general properties of orbits. Readers who 
wish to pursue the topic of orbit perturbations further 
will find an excellent treatment of this problem in 
reference 2. In the remainder of this analysis, how- 
ever, the assumption of a spherical earth will be ac- 
cepted with the understanding that the theory to be 
developed is exact only for the idealized case involving 
point masses and spherically symmetric bodies. 


Equations of Motion of the Orbit 


Let the source point of an inverse-square, gravita- 
tional field* be located at a fixed point 0 (earth’s 


* This field is also referred to as an inverse-square, central 
force field, a Newtonian field, and a Kepler field. 
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Fic. 1. Radial and transverse components of acceleration. 
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center) and consider a single particle of mass m (satel- 
lite) moving relative to the fixed point. Since the 
velocity vector and the gravitational force vector always 
lie in a fixed plane, the trajectory of the particle is con- 
tained in a plane fixed relative to inertial space, and 
only two coordinates are required to specify the posi- 
tion of the particle relative to the fixed point 0. Intro- 
duce a system of polar coordinates with the pole coin- 
ciding with the source point at 0, and denote the posi- 
tion vector of the moving particle m relative to 0 by 
r, and the polar angle by 6 (Fig. 1). Newton’s Second 
Law of Motion can then be written in terms of polar 
coordinates, and the acceleration vector of the moving 
particle may be resolved into two components, one 
along the radius vector and one perpendicular to the 
radius vector. Since the gravitational force field is 
radial, the transverse component of acceleration is 


(1/r) (d/dt) (r?6) = 0 (1) 
and the radial component is 
r — = —(u/r*) (2) 


where uw is a constant equal to goRo”, Ro is the radius of 
the earth, go the acceleration due to gravity at the 
earth’s surface, and u/r? the gravitational force per 
unit mass. As usual, the overhead dot denotes differ- 
entiation with respect to time. Eq. (1) can be inte- 
grated immediately to give 


r?(d@/dt) = h = constant (3) 


where / is recognized as the polar form for angular 
momentum per unit mass. 
Referring to Fig. 2 it is clear that 


dA = (1/2)r(rdé) 


represents the element of area swept out by the radius 
vector rin a time dt. Thus the areal velocity is 


dA/dt = (1/2)r?(d6/dt) = h/2 = constant (4) 


Eq. (3) therefore contains two important results: the 
angular momentum per unit mass is constant; and the 
radius vector drawn from the source point to the par- 
ticle sweeps out equal areas in equil times—this prop- 


erty is known as Kepler’s Second Law. Eq. (2) can 
be solved for r by eliminating 6 and introducing the 
transformation 


u=1/r (5) 
By Eq. (3) and the differential identity 
d/dt = (d/dy) (dy/dt) (6) 


Eq. (2) can be brought into the form 
(d?u/dé?) + u = p/h? (7) 


This equation is the polar form for the differential 
equation describing the most general motion of a par- 
ticle in an inverse-square, central force field. The 
general solution is 


u = Ccos (06 — 6) + (u/h?) (8) 


where C and @ are constants of integration, and Eq. (8) 
is the equation of the trajectory of the particle relative 
to the fixed point 0. The arbitrary constant 0) may be 
eliminated by rotating the line 6 = 0 so that it coincides 
with the line @. Then 4) = O and Eq. (8) is 


u = Ccos6@ + (u/h?) (9) 


Since the gravitational field is conservative, the prin- 
ciple of conservation of energy may be used to evaluate 
the constant C. 

The energy principle states that the sum of potential 
energy, U, and kinetic energy, 7, of a particle moving 
in a conservative field is constant. This constant is 
the total energy E and may be expressed in polar coor- 
dinates, for a unit mass, by the relation 


E=T+ U = (1/2) (# + 7°62) — (u/r) 
Moreover, it follows from Eqs. (3), (5), and (6) that 
= h?(du/dée)? 
Hence 


(1/2) (#7? + 726?) = (1/2)h?[(du/d6)? + u?] = 
E-—-U=E-+uu (9a) 


> 


Inserting thé expressions for u? and (du/d@)?, obtained 
from Eq. (9), into Eq. (9a) gives 


ORBIT SEGMENT 


Fic. 2. Law of areas. 
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Geometry of ellipse 


C2 + (u?/h*) + (2u/h?)C cos 6 = (2E/h*) + 
(2Qu?/h*) + (2uC cos 6/h?) 
C? = (2E/h*) + (u?/h*) 


and (10) 


which expresses the integration constant C in terms of 
the total energy per unit mass E and the angular 
momentum per unit mass #. Consequently, Eq. (9) 
may be written 


r = + V1 + (2Eh2/p2) cos 6] 


The polar form for a conic section (Fig. 3) is well 
known to be 


(11) 


r = L/(1 + e cos 8) (12) 


where L is the semilatus rectum and ¢ is the eccentricity 
of the orbit. A direct comparison of Eqs. (11) and 
(12) shows that the orbit is a plane conic section where 


L = h*/u (13) 


and e= V1 + (2Eh?/p? (14) 


General Properties of Orbits 


The following important result, known as Kepler’s 
First Law, has therefore been proved: relative to an 
inertial reference frame, the trajectory of a mass point 
moving in an inverse-square, central force field due to 
a fixed source point 0 is a plane conic section with the 
attracting point mass at one focus. Consequently, 
there are only four possible orbit types for a particle 
which moves in the gravitational field of a fixed point 
mass: ellipse; circle; parabola; and hyperbola. 

Eq. (14) implies that the eccentricity e of the conic 
section is a function of the total energy E. The orbit 
types may therefore be classified in terms of the total 
energy according to the following scheme. 


Orbit Type Eccentricity, ¢ Total Energy, E 
Ellipse e< i E<0 
Circle e=0 E —(p?/2h?) 
Parabola e=z1 E=0 
Hyperbola e> E>0O 


Eq. (14) contains a considerable amount of in- 
teresting information, and a closer examination of 
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it follows. Inasmuch as E represents the total energy 
of the particle, it consists of the sum of the kinetic and 


potential energy per unit mass, and is given by 
E = (1/2)v? — (u/r) (15) 


where v is the velocity of the particle. 
therefore be written 


Eq. (14) can 


e = V1 + [(1/2)v? — (u/r)] (2h?/u) (16) 


The four cases listed above will be discussed in terms 
of Eq. (16). 


Parabolic Case 


The condition E = 0 corresponds to an eccentricity 
of unity and is represented geometrically by a parab- 
ola. Moreover, the requirement E = 0 implies that: 


v= V 2u r (17) 


Since the eccentricity of a parabolic trajectory is unity, 
the parabola lies at the transition point between the 
closed elliptical path e < 1 and the hyperbolic path 
e> 1. Insofar as a parabola is an open geometrical 
curve, a body moving with a speed given by Eq. (17) 
would traverse a parabolic trajectory and ‘‘escape’’ into 
infinite space. 

The velocity defined by Eq. (17) is the so-called 
“escape-velocity”’ or parabolic velocity, and at the 
surface of the earth has a value of about 36,700 ft./sec. 
It might be observed that since eccentricity is a func- 
tion of a single parameter, the total energy E, it follows 
that the escape velocity is independent of the launching 


direction. 
Hyperbolic Case 


The condition E > 1 corresponds to eccentricities 
greater than unity and is represented geometrically by 


a family of hyperbolas of different eccentricities. This 
requires that 

V2u/r (18) 
or velocities exceeding the escape-velocity. Conse- 


quently, a body moving with a speed given by Eq. (18) 
would escape from the earth along an hyperbolic path. 
Note that bodies traversing hyperbolic paths possess 
more energy than the minimum required for escape 
from the earth, and, therefore, the velocity of the body 
“at infinity” will be greater than zero, in contrast with 
the parabolic case. 


Elliptical Case 


The condition E < 0 corresponds to eccentricities 
less than unity and is represented geometrically by a 
family of ellipses of various eccentricities. Of the three 
types of conic curves, the only closed orbit is the ellip- 
tical orbit—the circular orbit may be considered a 
special case of the elliptical orbit. Since the elliptical 
orbit corresponds to the case e < 1 or E < 0, it follows 
that the total energy is always negative for a closed orbit 
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The negative sign is due to the convention of defining 
the zero level of potential at infinity. 


Circular Case 
The condition 
E = —(u?/2h?) (19) 
corresponds to an eccentricity of zero and is represented 
geometrically by a circle. The required velocity for a 
circular orbit is found by inserting the value for E, 
given by Eq. (15), into Eq. (19), and observing that a 
necessary condition for a circular orbit is that the 
velocity vector be perpendicular to the radius vector 
to the particle. For this case, the angular momentum 
per unit mass is 


h= 
so that substituting for E and h in Eq. (19) gives 
v= V (20) 


Note that the circular orbital velocity given by Eq. 
(20) differs from the escape velocity [Eq. (17)] only 
by a factor of 4/2. It is to be noted further that for 
any given y there is a unique parabolic and a unique 
circular velocity. This is due to the fact that each of 
these curves is defined by an equality (e = 1, e = 0) 
rather than by inequalities as in the case of elliptical 
(e< 1) and hyperbolic (e> 1) orbits. Fig. 4 illustrates 
how the elliptical orbit becomes increasingly eccentric, 
and ultimately transforms into a parabolic, then hyper- 
bolic orbit, as the initial launching velocity is progres- 
sively increased. 

It should be observed that lunar and interplanetary 
missions may be accomplished by traversing elliptical, 
parabolic, or hyperbolic trajectories. Until high thrust 
rocket engines are developed, however, these missions 
will probably be restricted to trajectories in the form 
of elongated or “‘transfer-ellipses’’ because minimal 
energy is required for flight paths of this type. For 
such ‘‘transfer-ellipses’’ the perigee point will be close 
to the earth and the apogee point will be near the 
target body (moon, planets). The Air Force’s Pioneer 
Moon Rocket, for example, was programmed for a 
trajectory of this type. 

It might be noted further that, although greater 
energy is required for orbits of the parabolic and hyper- 
bolic type, mission flight time is considerably reduced 
for such trajectories. 


rv sin (4/2) = rv 


Properties of Elliptical Orbits 


One of the most important of the various types of 
orbit is the elliptical orbit. The more important prop- 
erties and terminology associated with the elliptical 
orbit are presented below. 

The parameters which determine the characteristics 
of the elliptical orbit may be divided into geometrical 
parameters and dynamical parameters. 


Geometrical Parameters 


It follows from analytical geometry that the geo- 
metrical parameters are related as follows: 


L = = a(l — e?) (21) 
e = c/a = V(a? — b®)/a < 1 (definition of ellipse) 
(22) 


where a and 6b denote the semimajor and semiminor 
axes, respectively, and c is one-half the distance be- 
tween the two focuses. 

The polar form of the equation for a conic section, 
which represents an ellipse if e < 1, is given by Eq. 
(12). It follows that from Eqs. (21) and (12) 


+ e) (1 — e)]/(1 + e cos 4) 


Moreover, Eq. (23) implies that for @ = 0, 7 is mini- 


(23) 


mum, and for 6 = 7,7 is maximum. Consequently, 

the minimum and maximum focal radii are given by 
rp = a(l — e) = perigee (24) 
Yq = a(1 + e) = apogee (25) 


Eqs. (24)-(25) furnish expressions for perigee and 
apogee in terms of the semimajor axis and the eccen- 
tricity. Inversely, the semimajor axis and eccentricity 
can be determined if the perigee and apogee are speci- 
fied. A glance at Eqs. (21)—(25) shows that all of the 
geometrical properties of the ellipse* are determined if 
any two of its independent parameters are given. 


Relations Between the Geometrical and Dynamical 
Parameters 


The dynamical parameters may be taken as the total 
energy per unit mass and the angular momentum per 
unit mass. Various important relations connecting 
the geometrical and dynamical parameters are derived 
below. Combining Eqs. (21), (13), and (14) gives 


a= —(u4/2E) or E = —(u/2a) (26) 

It is noted that the semimajor axis a depends on a 
single parameter, the total energy, so that all orbits 
of the same total energy have the same semimajor axis. 
Inversely, it follows that all orbits of the same semi- 
major axis have the same total energy. Moreover, Eq. 
(26) implies that the total energy increases (becomes 


less negative) inversely as the semimajor axis. 


Orbital Velocity 

The velocity of a satellite at any point in its orbit 
may be obtained by combining Eqs. (26) and (15). The 
result is 


v = Vul(2/r) — (1/a)] (27) 


Eq. (27) indicates that the velocity varies inversely 
with r. The maximum velocity occurs for minimum r 
(perigee) and the minimum velocity occurs at maximum 
r (apogee). Hence, from Eqs. (24) and (25) the ve- 
locities at perigee and apogee are: 


= V(u/a) [(1 + (28) 
= V(u/a) — + (29) 
An interesting relation implied by Eqs. (24)—(25) 


* Outside of its orientation in space. 
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TABLE - | 
COMPARISON OF OBSERVED AND COMPUTED VALUES 
OF PERIODIC TIME 
SPUTNIK | | EXPLORER | | VANGUARD | 
Apogee | 486 1377 2140 Observed 
Earths — ---- ---- Calculated 
Surface 
(n.m.) 
Perigee 126 190 351 Observed 
Earths | --- --- --- Calculated 
Surface 
(n.m) 
Semi - 3743 4221 4683 Observed 
Major ---- ---- ---- Calculated 
Axis 
(n.m.) 
Period 96.2 114.5 134 Observed 
minutes) 95 14 133 Calculated 
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and (28)-(29) is 
= Vale (30) 


which states that the velocity at perigee times the 
perigee radius is equal to the velocity at apogee times 
the apogee radius. 


The Periodic Time 


The time required for a satellite to complete one 
revolution around the earth is called the period. From 
the Law of Areas [Eq. (4) ], it follows that 


dA = (1/2)h dt 


Integrating this equation around the entire ellipse gives 


dt = (1/2)hr 


where 7 is the period. The area A of an ellipse is given 
by A = zab. Hence, 


t = (2nab/h) 


Substituting for 6 from Eq. (22) and noting from Eqs. 
(13) and (21) that the angular momentum is 


V 1 — e) 


gives the following expression for the period 


= or = (31) 
Eq. (31), known as Kepler’s Third Law, implies that 
the period depends on only one geometrical parameter, 
the semimajor axis, or on only one dynamical param- 
eter, the total energy. 

Consequently, all orbits of the same total energy have 
the same period, and all orbits of the same period have 
the same semimajor axis or the same total energy. 

A glance at the above equations shows that all the 
orbit characteristics are completely determined if any 
two independent geometrical or dynamical parameters 
are specified. 


Illustrations for Parameters of Elliptical Orbits 


The characteristics of circular and elliptical orbits 
are examined in this section as a function of altitude, 
launch velocity, and launch angle. A set of figures is 
furnished to illustrate the theory developed and to 
provide an idea of the orders of magnitude of relevant 
quantities. 

(a) The variation of velocity, period, and gravita- 
tional field is shown in Fig. 5 as a function of altitude 
for circular orbits. It is seen that the velocity and 
field decrease with altitude, whereas the periodic time 
increases with altitude. 

(b) The variation of kinetic, potential, and total 
energy per unit mass, with altitude, is shown in Fig. 6 
for circular orbits. It is seen that the kinetic energy 
decreases with altitude, whereas the potential and total 
energy, both of which are negative, increase with 
altitude. 

(c) The variation of apogee and perigee as a function 
of velocity is shown in Fig. 7 for a given fixed launch 


altitude and zero launch angle (angle between the 
velocity vector and horizontal). Two launching alti- 
tudes, 300 and 550 m miles, are represented. If the 
launching velocity equals the circular velocity, then 
perigee and apogee are equal and the orbit is a circle. 
These points are denoted by P,; and P.. As the launch 
velocity increases to values exceeding the circular 
velocity, the launching altitude (perigee) remains 
constant and the apogee moves further and further 
from the surface of the earth. Thus, all points of the 
curve above P; and P» represent apogee points for 
given perigee. However, for velocities less than the 
circular velocity, the launching altitude represents the 
apogee, and points on the curve below P; and P» are 
perigee points for a fixed apogee. Points for which 
the altitude is less than zero represent velocities for 
which the elliptical orbit intersects the earth. 

(d) Apogee and perigee are shown in Fig. 8 as a func- 
tion of launching angle for a fixed launching altitude 
and circular velocity. It can be seen that for a given 
launch velocity and altitude, the apogee increases with 
an increase in launch angle, while the perigee decreases 
with increasing launch angle. 

(e) To indicate the degree of accuracy obtainable on 
the basis of the theory developed in this article, a com- 
parison of observed and calculated values for the 
initial periods of the orbits of Sputnik I, Explorer I, 
and Vanguard I are shown in Table 1. 

Insofar as periodic time is a function of the semi- 
major axis alone, the period of each orbit listed in 
Table 1 may be read directly from Fig. 5 by selecting 
the circular orbit with a radius equal to the semimajor 
axis of the ellipse in question. 


Relativistic Satellite Experiment 


Although Einstein’s Special Theory of Relativity has 
received considerable experimental verification, there 
has been to date relatively slight experimental support 
for his Generalized Theory (Theory of Gravitation). 
With the advent of artificial earth satellites, it has 
become possible to test experimentally at least one 
aspect of the Generalized Relativity Theory. 

One implication of the theory is that a “clock” 
located in a strong gravitational field should run at a 
slower rate than a “‘clock’’ of identical construction 
located in a weak gravitational field. For example, 
a ‘‘clock”’ on the sun should run more slowly than a 
similar ‘‘clock’’ on the earth. In addition, it is known 
from Special Relativity that the rate of a “clock’”’ is a 
function of its velocity. The rate of a ‘“‘clock’’ moving 
in a gravitational field will thus be a function of both 
its speed and position in the field. It is clear that a 
“clock”’ located in an earth satellite should experience 
both these effects, so that it is possible to measure these 
effects experimentally. In describing the results ex- 
pected from an experiment of this type, it will be 
assumed for simplicity that the satellite moves in a 
circular orbit. [Elliptical orbits may be treated by 
substituting Eq. (27) for Eq. (20) in the following dis- 
cussion.] Let a ‘“‘clock’’ located in the satellite trans- 
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mit signals to the earth at periodic time intervals— 
e.g., each second. An observer on the earth recording 
the time interval between two received signals would 
find that a time interval df, noted with respect to an 
earth “clock,” had elapsed between the two signals, 
where the time df is given by*® 


dt = dr/V1 + (26/c2) — (v®/c2) (32) 
Here dr is the time interval between signals, as re- 
corded by an observer on the satellite; ¢ is the potential 
difference between the satellite and the earth, as noted 
by an earth observer; v is the velocity of the satellite 


relative to the earth, and c is the velocity of light. 
The potential difference ¢ is 


@ = — (1/r)] 
and the velocity of the satellite is given by Eq. (20). 
Consequently, Eq. (32) can be written 
dt = dr/V1 + p/c?{(2/Ro) — (3/r)] (33) 


It is therefore noted that (a) at altitudes below 2,000 
miles the satellite ‘‘clock’’ runs more slowly than the 
earth “‘clock’’; (b) at r = 3/2 Ro, or at an altitude of 
about 2,000 miles, both ‘“‘clocks’’ run at the same rate; 


National Space Program (Continued from page 33) 


and (c) at altitudes exceeding 2,000 miles the satellite 
“‘clock”’ runs faster than the earth ‘‘clock.” 

The order of magnitude of this effect is ~10~" and 
can be detected by ‘“‘atomic clocks.’”’* It should be 
observed that although the mentioned effect is small, 
its significance is not. Detailed considerations on the 
experimental procedures connected with experiments 
of this type can be found in reference 4. 
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* In an actual experiment one observes a “frequency shift” in 
a vibrating source (atom). The velocity effect manifests itself as 
a Doppler shift, and the effect of the potential field is exhibited 
as a gravitational frequency shift. The total frequency shift is 
the superposition of the Doppler and gravitational frequency 
shifts. 


the Russians. The contest, although ideologically 
centered, covers a very wide front of human endeavor. 
The space aspects, however important, are but a part 
of this total contest. Any national and effective space 
planning must reflect this proper perspective. 

It is my observation that a national blueprint for the 
attainment of space goals and for a fair share of space 
leadership—one that properly utilizes our established 
capability, that implies and provides for the incorpora- 
tion of the results of extensive applied research, and 
that reflects the true scope of the international issues— 
is not yet sufficiently clear. 

If the nation is to secure positive and lasting benefits 
from its investment in space, this blueprint must be 
clearly drawn up and continuously updated. Our 
space purposes must be defined, and national manage- 


+ 


ment responsibilities refined and sharply focused. 

In addition to the foregoing, we must have—and the 
need will become greater as the total contest becomes 
greater—an enlightened and enlightening leadership, 
one whose decisions will be made wisely and who 
recognizes the need for our people to understand the 
wisdom of such decisions. With an understanding of 
the requirements, reasons, and decisions of the space 
program itself, I am sure all of us will measure up to the 
needs of the program, no matter how difficult they may 
be. 

It is my belief that, as steadily as the barriers were 
overcome that beset the early progress of the United 
States ballistic missile program, there will, as surely, 
emerge a sound United States program for the explora- 
tion of space. 


+ 


The Growing Problems in the Space Program (Continued from page 42) 


turers to push ahead, but the scientific race has become a 
prestige race, particularly with Russia. Clearly, there 
are no governors on such a program; the competitor can 
call the tune. Here, possibly more than at any other 
place, a program which is international in scope or at 
least bilateral between the United States and the Soviet 
Union might be one of the’ finest things that could be 
done, first, for the sake of a sensible program in space, 
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second, for the sake of a balanced program with respect 
to other fields of science.* 


* The unclassified data in this paper were taken largely from 
the Space Handbook: Astronautics and its Applications, Staff Re- 
port of the Select Committee on Astronautics and Space Ex- 
ploration, prepared by the RAND Corporation, Santa Monica, 
Calif. 
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Unique problems related to environment, performance, reliability, 


and application are illustrated by an erample based on a Mars probe. 


Electronic and Communications 
Aspects of Space Flight 


Louis N. Ridenour and Bruno W. Augenstein 


Lockheed Aircraft Corporation 


= ABILITY to perform experiments 
with unattended instrumentation aboard deep space 
vehicles operating at great distances from the earth 
will clearly be dependent on the ability to communicate 
reliably with these vehicles. In the design of com- 
munication equipment for space vehicles, one will per- 
haps be compelled to make some unusual design com- 
promises; however, the means for attempting to meet 
communications requirements will still be found in 
applying fundamental principles of communication to 
radically new conditions and environments. Of prime 
importance in these new conditions and environments 
will be two basic factors mentioned initially—namely, 
the requirement to operate unattended for long times 
and to operate over extreme communication ranges. 
These requirements are typically exemplified by an 
example involving a Mars probe. 

In designing a Mars probe, one, obviously, would like 
to arrange that the vehicle arrives at Mars near opposi- 
tion time—that is, at the time when the distance be- 
tween the earth and Mars is at a minimum. The 
opposition distance, however, varies. It has a mini- 
mum of about 30 million nautical miles and a maximum 
of about 55 million nautical miles. For the opposition, 
which will occur on December 30, 1960, the minimum 
distance is about 49 million nautical miles. However, 
there are some practical problems in selection of trans- 


TABLE 1 
Sample Trajectory Parameters for 1960 Mars Probe 


Earth-Mars 
distance at 


Velocity arrival date, 
Launch date Arrival date required, million 
(1960) (1961) ft./sec. nautical miles 


August 24 February 6 438,700 
September 15 February 15 40,600 66 
October 3 March 1 37,700 74 
October 15 March 15 38, 800 87 
November 3 April8 40,400 110 
Launch f November 10 March 10 43 , 200 83 
at 1 November 10 May 10 40 ,600 132 
node {November 10 July 10 39,000 162 


Louis N. Ridenour, who was first Chief Scientist 
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dent and General Manager, Lockheed's Elec- 
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tributor (24 titles) to technical publications 
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physics and related topics. He is a Fellow 
of three professional societies and member 
of two others. 


Bruno W. Augenstein is a Consultant to the 
Chief Scientist's staff in Lockheed’s Missiles 
and Space Division. In addition to the 
authorship of many classified publications, he 
has contributed to the IAS Journal of the 
Aero/Space Sciences and other similar vol- 
umes. A member of several professional 
societies, he became affiliated with Lockheed 
in 1958 after nine years with the RAND Corp. 


fer orbits which will not always enable us to communi- 
cate over these distances. Some examples of these 
trajectory requirements are given in Table 1. From 
this, we see that it will be quite costly to try to meet 
Mars very near opposition time for the opposition of 
1960 (it would take a velocity of about 48,000 ft./sec. 
to arrive at opposition), remembering that payload 
carried by a rocket vehicle decreases quite rapidly as 
the required burnout velocity is increased. If one tries 
simultaneously to minimize communication distance 
and transit time, which governs the unattended time 
in the transfer orbit, rather small payloads can result. 
On the other hand, if one tries to maximize the payload, 
extreme communication distances can, in many 
cases, result. Therefore, in general, one will have to 
make some compromise which results in adequate pay- 
loads without exceeding achievable communication 
ranges. Instead of being able to communicate at 
opposition distances, one may, in general, have to plan 
for communication at distances perhaps two to three 
times as great as opposition distances. 
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Fundamental System Parameters 


At the disposal of the designer’s choice are two 
parameters of basic importance in the communication 
link; the choice of frequency and the choice of band- 
width. If we consider the case of a radio link with one 
terminal at the earth’s surface, then frequencies below 
at least 10 mc. can be ruled out because of reflection 
effects of the earth’s ionosphere, and frequencies above 
about 30,000 me. are generally unsuitable because of 
atmospheric attenuation by oxygen and water vapor. 
On the basis of these propagation loss considerations 
alone, one can restrict the design to frequencies be- 
tween about 10 and 30,000 mc. Within this fre- 
quency range there may be other constraints if iono- 
spheric propagation considerations are taken into 
account, since dispersion and faraday effects decrease 
as the square of the frequency for the worst case, and 
attenuation and deviations decrease as some function 
of frequency. Solar noise, cosmic noise, and man-made 
interference will also decrease fairly rapidly as fre- 
quency is increased. These factors, therefore, indicate 
a requirement for use of a rather high frequency. 

On the other hand, factors such as transmitter effi- 
ciency and receiver noise figure would, in general, push 
us toward lower frequencies. Similarly, many of the 
largest receiving antennas become less efficient at very 
high frequencies due to constructional deviations. 
Therefore, a compromise is indicated in which we use 
a frequency just high enough to minimize solar noise, 
cosmic noise, and man-made interference, as well as 
ionospheric propagation effects, but not so high that 
transmitter efficiency and antenna construction become 
limiting or receiver noise figure becomes limiting. 

These considerations indicated that a suitable range 
of frequencies might be from 500 mc. to about 2,000 
me. This frequency range choice is also suitable from 
the standpoint of using existing ground installations. 
For example, many of the antennas used in radio 
astronomy have been designed to pick up the emission 
from interstellar neutral hydrogen at a frequency of 
about 1,400 me. If we design our transmitter to oper- 
ate not much higher than this frequency of 1,400 mc., 
we will be able to make maximum use of these existing 
installations. 

A list of large antennas used in radio astronomy is 
given in Table 2, together with some of the pertinent 
operating characteristics. 

Large antennas of this kind are especially suitable 
for space communication because they are generally 
precision antennas and have already been emplaced to 
avoid man-made interference to as great an extent as 
possible. Furthermore, these existing radio astronomy 
antennas have a reasonably suitable geographical dis- 
tribution, though not an ideal one, for communicating 
with a deep space probe as nearly continuously as 
possible, and we would, therefore, find it desirable to 
utilize antennas of this character as the ground terminal 
of our communication$ link. There are, of course, 
in existence also a number of large military antennas. 
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TABLE 2 
Radio Observatory Large Antennas 


Size, Frequency 


Location ft. me. 
(1) Jodrell Bank 250 1400 
University of Manchester, England 
(2) Dwingleloo, Netherlands 84 1409 
(3) Millstone Hill, Mass. 84 3900 
Lincoln Lab 
(4) Green Bank, W. Va. 140 10,000 
National Radio Observatory 
(5) Harvard 60 3000 
Harvard Observatory 
(6) Naval Research Laboratory 50 24,000 
(7) Naval Research Laboratory 84 3000 
(8) Ann Arbor, Mich. 84 10,000 
University of Michigan 
(9) White Lake, Canada 84 1400 
Dominion Observatory 
(10) Big Pine, Calif. 84 1500 
Owens Valley Observatory 
(11) Goldstone, Calif. 84 3000 
Jet Propulsion Lab 
(12) Stanford, Calif. 60 600 
Stanford Research Institute 
(13) College, Alaska 60 600 
University of Alaska 
(14) Hawaii 60 3000 
Space Technology Lab (Pioneer Site) 
(15) Sydney, Australia 200 3000 


Radiophysics Laboratory 


The choice of bandwidth is also governed by several 
conflicting requirements. First of all, we want to 
minimize the noise level in the communication system. 
For many types of system noise, one can regard the 
noise power as being proportional to the bandwidth, 
if the channel bandwidth is small compared with the 
carrier frequency. Types of system noise which be- 
have in this way are internal receiver noise, solar and 
cosmic noise, and some types of man-made interference. 
Some other noise sources—such as certain types of 
distortion due to the atmosphere—exist which do not 
fall into this category, and the effect of these noise 
sources would be treated separately. In _ general, 
however, the requirement for keeping the noise power 
to as low a level as possible—thereby also reducing the 
received signal power required for a given signal-to- 
noise ratio—would imply that we use as small a band- 
width as possible. 

On the other hand, the capacity to transmit informa- 
tion also decreases as the bandwidth is decreased. This 
can be inferred from the fundamental equation of infor- 
mation theory: 


C = W log, [1 + (S/N)] (1) 


where C is the information transmitting capacity of a 
communication channel in bits per sec., W is the channel 
bandwidth in cycles per sec., S equals the average re- 
ceived signal power, and N equals the average noise 
power. We see that, for a given signal-to-noise ratio, 
the information transmitting capacity of the channel 
decreases directly as the bandwidth is decreased. 

The required transmitting channel capacity, of 
course, depends on the application. Two specific ap- 
plications are of interest in a space vehicle. The first 
of these is the determination of the vehicle position, 
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which is required to search for and to track the vehicle. 
The second important requirement is the telemetering 
of scientific data. The required channel capacity in 
this case depends upon the number of different types of 
data to be telemetered, the desired accuracy of the 
readings, and the desired data sampling rate. The 
following example illustrates a possible situation: Sup- 
pose it were desired to measure a quantity to an accu- 
racy of one part in a hundred, and to take a reading 
every second; with the measured quantity actually 
varying significantly in 1 sec., the required channel 
capacity then would be the logarithm to the base two 
of a hundred, or about 6'/2 bits per sec. 

In general, for extreme communication path links 
these two conflicting requirements—namely, the desire 
for high tracking accuracy and high information trans- 
mitting capacity which will increase the required 
bandwidth, and the wish to cut down the required 
radiated power which decreases when the bandwidth 
decreases—will be dominated at the present time by 
the latter situation; namely, the requirement to de- 
crease the radiated power, and to accept the reduced 
tracking accuracy and the reduced channel capacity 
for transmitting scientific data. 

For illustrative purposes, we will use a bandwidth 
of one cycle per sec. and assume the use of phase locked 
tracking filters to permit a successful recovery of infor- 
mation in this extremely narrow bandwidth. To es- 
tablish the required power output from our probe ve- 
hicle, we use the assumptions listed in Table 3. These 
assumptions are presently realizable or reasonable 
extrapolations of the present state of the art. The 
values in this table are obtained in the following way. 
The theoretical receiver noise, or Johnson noise, for this 
receiver at a bandwidth of one cycle per sec. will be 
minus 204 dbw. Maximum sensitivity for the receiver 
will be given by: 

—204 + N.F. + S/N + Losses = —187 dbw (2) 
Free space attenuation a can be expressed as follows: 
38 + 20 log f+ 20log R-—G,—P, (3) 


a= 


where f equals operating frequency in me., R equals dis- 
tance in ‘nautical miles, G, equals antenna gain in db., 


TABLE 3 


Communications Range, Nautical Miles, as a function of 
Radiated Power, Watts, and Receiving Antenna Size, ft. 


30 dbw 20 dbw. 10 dbw. 
(1000 watts) (100 watts) (10 watts) 


Receiving antenna: 


84-ft. parabola 170 XK 105 miles 52 X 10® miles 17 X 10° miles 

Receiving antenna: 
250-ft. parabola 470 X 10° miles 150 X 106 miles 47 X 10° miles 

Assumptions: 

(1) Receiver noise figure = 3 db. (temperature = 300°K ) 

(2) Losses = 2 db. 

(3): Signal/noise ratio = 12 db. 

(4) Receiver bandwidth = 1 cycle per sec. 

(5) Omnidirectional vehicle antenna 


(6) 55 per cent efficiency of receiving antenna 


and P, equals power output in dbw. G, can be elimi- 
nated in terms of the operating frequency and the 
diameter, D, of the antenna in ft., and the result: 


P, = —96 + 20 log R — 20 log D (4) 


gives the required power output in dbw. (decibel watts) 
as a function of the distance in nautical miles for the 
communication path, and the antenna diameter in ft. 
The theoretical capacity for transmitting informa- 
tion, as given by Eq. (1), is about 3/2 bits per sec. for 
this system. However, to avoid possibly excessive 
complexity in the encoding process in order to approach 
this theoretical information capacity, an actual ca- 
pacity using relatively simple encoding schemes per- 
haps would be closer to one bit per sec. Consequently, 
it would take about 7 sec. for this communication system 
to transmit a piece of telemetered data with a measure- 
ment accuracy of one part in a hundred. Similarly, 
range accuracy can be calculated, assuming on-off 
AM keying, and assuming that the pulse rise time can 
be preserved to a reasonable tolerance to indicate that a 
range accuracy of plus or minus 10,000 miles might be 
achievable at extreme communication distances. 


Instrumentation 


Deep space probes, of which the Mars probe is an 
example, will enable us to do much new basic research 
in astronomy, astrophysics, and planetary geophysics. 
The instrumentation for such basic research is well 


TABLE 4 


Space Science Measurements 


Near earth (<10® miles) 
Trapped radiation 
Shielded and unshielded counters 
Telescope plus magnetic and solar aspect 
indicators 
Magnetic field 
Total field 
Hydromagnetic waves 
Cosmic radiation 
(low energy heavy primaries) 
Micrometeorites 
Mass spectrometer or other form of ion 
detector 
Checkout of photographic equipment 
Checkout of infrared spectrometer 


Between planetary orbits 
Solar wind detectors and solar aspect indi- 


cators (indication to be compared with 
simultaneous measurements near earth) 


Magnetometer (indications to be compared 
with simultaneous measurements near 
earth) 

Micrometeorites 


Interplanetary gas 
Vehicle temperature 


Solar nebula 
Cosmic ray spectral distribution and total 
flux 


Near Mars 


Camera and readout equipment (10! to 
2 X miles) 


Infrared spectra (104 to 2 X 108 miles) 


Magnetism (1) Total field 

(2) Hydromagnetic waves 
Trapped radiation (<105 miles) 
Mass spectra (<10% miles) 
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TABLE 5 
Primary Power Sources 


Energy ratio 


Low discharge High discharge 
rate rate Lifetime 

Silver peroxide 70 wh./Ib. 15 wh./Ib Two weeks 

zine battery (10 hr. rate) (10 min. rate (activated) 
H2-O2 250 wh./Ib. 6-12 mo. 

fuel cell 
Solar cells 8.5** w./Ib. . 1-2 yr. 
Nickel-Cadmium 17 wh./Ib. 10 wh./Ib 20 yr. or 7000 

secondary (6 hr. rate) (10 min. rat charge- 

battery discharge cycles 

* Requires secondary battery for peak discharge rates 


** Plane array normal to sun near earth 


known, so that fairly specific experiments can be planned 
for. Some of these experiments have been tabulated 
in Table 4. These experiments have been broken down 
into three categories, some to be executed while the 
vehicle is in its exit phase from the earth-moon system, 
a second while the vehicle is in interplanetary space 
between planetary orbits, and a third when the vehicle 
nears another planet. These three categories of experi- 
ments may be performed either by different vehicles 
or by single vehicles over the entire transfer orbit 
when the payload of the vehicle is adequate. 


Auxiliary Power Sources 


Table 5 lists some of the various sources of electrical 
power for the instrumentation and communication link 
of a typical space vehicle. 

The power supply closest to being an off-the-shelf 
item is an electrochemical system or battery. Included 
in the table is the performance of a few selected battery 
systems. It is worth noting that the performance of a 
battery system depends rather sensitively on its drain 
rate. Furthermore, chemical batteries are also handi- 
capped if we require them to operate at low ambient 
temperatures, but, fortunately, it appears possible to 
design probe vehicles so as to maintain a suitable 
internal environment for the batteries. 

Solar cells have been flown in the Vanguard vehicle, 
and, apparently, operate quite well. Possible hazards 
of the solar cells include the impingement of micro- 
meteorites, which might have an effect similar to sand- 
blasting. While we now have some indications of 
micrometeorite impingement results on satellites near 
the earth, we have, as yet, no firm data on the density 
of micrometeorites in interplanetary space. Further- 
more, laboratory experiments in high-speed impact 
phenomena have not yet clarified the extent of damage 
to be expected when impacts do occur. It is worth 
noting that, while the radiation flux from the sun in the 
vicinity of Mars is considerably less than that near the 
earth, the solar cells would also operate at lower tem- 
perature near Mars. These two effects would, to some 
extent, tend to compensate, since solar cells work more 
efficiently at lower temperatures. As indicated in the 
table, to achieve maximum drain rates from an auxiliary 
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power system involving solar cells, it is necessary to 
include a secondary battery to provide the high-peak 
power drains of short duration, such as those which 
would be involved in the transmission of data. 


Complete Probe Experiment Packages 


So far, we have discussed individually the communi- 
cations requirements, instrumentation for possible 
experiments, and auxiliary power sources. We can 
now try to assemble these components into a complete 
probe experiment package, matching the power re- 
quirements for communication purposes and instru- 
mentation purposes with the power output of the 
auxiliary power source. A typical weight and power 
breakdown of such a complete probe experiment 
package is shown in Table 6. 

The probe used is a relatively simple one in which 
experiments are flown which can be used both in inter- 
planetary space and near Mars. The instrumentation, 
therefore, is assumed to be functioning continuously, 
The probe vehicle is assumed to be unstabilized. This 
has two primary effects. 

First, we will generally need an omnidirectional 
antenna on the vehicle itself, and, second, the vehicle 
will have to be essentially surrounded by solar cells 
so that adequate auxiliary power is available, irrespec- 
tive of the vehicle’s actual orientation. The weights 
and powers shown for the instrumentation, the on-board 
data processing, the communication equipment, and 
the auxiliary power source are intended to be realistic 
and, in some cases, conservative values. While weight 


TABLE 6 
Possible Probe Equipment List (Unstabilized Probe) 


Power requirements-—— 


Watts Watt-hr. 
Equipment Weight, lbs. peak continuous per day 
Sensors 25 
Micrometeorite 1 0.011 0.26 
Magnetic field 7 10 240 
Radiation 12 5 120 
Grid mass spectrometer 3 1 24 
Wiring 2 
On-Board data handling 28 485 
(Encoder, tape recorder, 
timer, wiring) 
Communications 87 
Transmitter* 25 250 125 
Power supply 40 60 30 
Modulator 10 10 5 
Receiver 5 10 10 
Antenna 2 
Wiring and installation 5 
Auxiliary power supply 108 
Solar cell banks 42 
Secondary battery 30 170 85 
Inverter 21 85 45 
Cell erection and support 10 
Wiring and installation 5 
Total weight, instrumenta- 
tion and communications 
package—248 Ibs. 
Total power, watt-hr. per 
day 1170 


* 100 watts radiated power 
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and power reductions could, undoubtedly, be effected 
for many of the components shown, the values used are 
intended to represent gear of high reliability. 

The actual weight of the instrumentation flown is a 
relatively small fraction of the total weight, and the 
majority of the weight is devoted to the communica- 
tions part of the circuit and to the auxiliary power 
supply. This is simply illustrative of the fact that it is 
the actual communication with the vehicle and the 
transmission of data, not simply the experiment to 
be performed, which place the greatest strain on the 
design of the probe system. The communication 
system in the table radiates the power of 100 watts 
from the vehicle, and the total readout time for trans- 
mitting of data is 30 minutes per day. During this 
time, the system discussed can transmit 1,800 or more 
bits of information, or the equivalent of about 250 two- 
place numbers. 


Possible Further Improvements 


As is evident from the discussions and assumptions 
of the previous four sections, there are many places 
where significant improvements may be made in the 
feasibility of communicating over extremely long 
communication path links. One such possibility is 
simply to use a directional antenna on the vehicle. 
This implies that the vehicle must be stabilized about 
two or three axes, or possibly that the antenna itself is 
oriented by some external reference. In addition to 
permitting use of directional antennas on board the 
vehicle, stabilization systems also permit us to point 
the solar cell banks always at the sun, thus additionally 
reducing the required cell bank weight. The total 
weight of the stabilized systems, even including the 
weight required to effect stabilization, appears to be 
very considerably below that of the unstabilized 
system. However, one must consider against this the 
possible accompanying decrease in system reliability 
through the use of the stabilization system. 


Further increases in range or reductions in overall 
power requirements for a given channel capacity can be 
made by improvements to many other components as 
well. For example, the use of masers or parametric 
amplifiers will allow substantial decreases in the noise 
figure of receivers. The use of such devices will em- 
phasize the existence of losses in the antenna and trans- 
mission line which are low enough so that their effects 
are usually masked by the relatively high noise input 
of ordinary receivers. If this excessive input noise 
does not exist, the antenna system can limit the per- 
formance. In order to take full advantage of these and 
similar low-noise devices, it will, therefore, be necessary 
to do extensive work to improve antennas and trans- 
mission lines. Similar improvements are in sight in the 
design of more efficient transmitters, in advances in 
message coding, and the use of highly efficient data 
recovery methods. 

Improvements are also possible in the primary power 
sources. It appears, for example, that the efficiency 
of the electrochemical cell can be considerably improved 
over that currently available, and some work is done in 
this direction. Work is also in progress on the use of 
nuclear reactors as primary power sources, as well as 
the use of isotope heat sources; thermoelectric gener- 
ators are also being investigated for the production of 
power. The relative advantage of nuclear primary 
power sources or isotope primary power sources com- 
pared with the present solar cell banks depends rela- 
tively sensitively on the specific application involved. 
It appears at the present that if long duration, very high 
power levels are required (on the order of several kw. 
or more), the nuclear or isotope power sources may 
have some advantages. On the other hand, for power 
levels of several hundred watts, the solar power source, 
especially on a stabilized vehicle, is in a relatively favor- 
able position and will, undoubtedly, continue to be 
used for a great many applications not involving ex- 
cessive distances from the sun. 
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This paper discusses three-dimensional trajectories of nonlifling bodies 
in satellite orbits, taking into account such geophysical factors 


as the gravitational field due to the oblateness of the earth, 
the nonspherical figure of the earth, and the rotation of the earth’s atmosphere. 
The main emphasis is on the re-entry phase of the trajectories. 


Three-Dimensional Satellite Orbits 


With Emphasis on Re-Entry Dynamics and Oblateness Effects 


Atmospheric Phases in Two-Dimensional Satellite 
Orbits* 


AS LONG AS atmospheric drag is negligible, an earth 
satellite of negligible mass compared to the mass of 
the earth moves around the earth in a Keplerian 
ellipse with the center of the earth as a focus. The 
drag is greatest at the point of closest approach to the 
earth—that is, at perigee. The air drag reduces the 
total energy of a satellite in a way that can be quite ac- 
curately calculated for a known orbit, provided that 
the air density and the satellite drag coefficient are 
known. The loss of energy per revolution can be 
thought of as causing the satellite to drop into an 
elliptical orbit of lower energy level. In so doing, 
the satellite gains one unit of kinetic energy and loses 
two units of potential energy. This behavior explains 
the apparent paradox that the satellite speeds up as 
the result of drag. This approach has been used by 
such authors as Henry’ to calculate the lifetime of 
satellites. 

The orbit resulting from the action of drag on a 
Keplerian path is shown in Fig. | where it is referred 
to as “circularization of the ellipse.’’ As a result of 
the drag, the perigee altitude decreases less rapidly 
than the apogee altitude. The elliptical path thus 
approaches a circular shape. When the change in 
shape of the elliptical orbit per revolution is small, 
it is possible to study the change in shape as a contin- 
uous function of the number of revolutions. 

After the ellipse is circularized, the trajectory enters 
a phase known as spiral decay. In this phase the radius 
from the center of the earth to the satellite is a mono- 


tonically decreasing function of time. As the satellite 


* The detailed mathematical treatment of the material pre- 
sented is to be found for the most part in NASA Memo. 12-4-58A 
by Nielsen, Goodwin, and Mersman.' This reference represents 
an attempt to compute complete re-entry trajectories on an IBM 
650 computing machine as accurately as possible 
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Vidya Associates 


loses altitude, it will after a time slow down rather than 
speed up. The satellite will turn from an almost hori- 
zontal trajectory to an almost vertical one as the allti- 
tude further decreases. This phase is called the termi- 
nal phase, and it extends to impact at the surface of 
the earth if the satellite does not destroy itself by burn- 
ing. It should be noted that not all of the foregoing 
phases necessarily occur in a given trajectory. 

Particular attention will be paid to the terminal 
phase of the trajectory since the maximum acceleration 
and heat transfer occur in this phase. Special dy- 
namical analyses applicable to this part of the trajectory 
have been made by such authors as Chapman,* Allen 
and Eggers,? and Gazley.° 


Geophysical Factors Influencing Satellite Forces 

The geophysical factors which can significantly in- 
fluence the trajectories of earth satellites include the 
atmosphere of the earth, the nonspherical figure of 
the earth, and the gravitational field of the earth in- 
cludiag its oblateness component. The nonspherical 
figure of the earth refers solely to its geometric shape. 
The oblateness component of the gravitational field 1s 
due to the mass distribution of the earth which is not 
spherically symmetric partly because of the non- 
spherical figure of the earth and partly because of its 
nonuniform density distribution. 


Atmosphere of the Earth 


The influence of the atmosphere of the earth on the 
satellite trajectory is through air drag. (We neglect 
lift here.) For the purposes of this paper it is assumed 
that the density is a unique function of altitude meas- 
ured above the surface of the earth. For the lower 
portion of the atmosphere, below 200 km., the ARDC 
atmosphere® is used for this function. Above about 
200 km., the recent observations on Sputnik I, 1957 
a2, have shown that the air density may be as much as 
an order of magnitude greater than previously supposed. 
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After graduation from the University of Cali- 
fornia in 1941, Dr. Nielsen became an em- 
ployee of NACA, continuing there until 
1958, except for duty with the 188th Engr. 
Combat Battalion and for graduate work at 
Caltech to obtain his doctorate. He is an 
author of about 35 technical papers, mostly 
NACA publications, covering a wide range of 
aeronautical subjects. He is also the author 
of a forthcoming book on missile aerody- 
namics. Dr. Nielsen, together with Wallace 
Davis, Morris Rubesin, Jackson Stalder, and 
Prof. Karl Spangenberg, founded Vidya in 
Palo Alto, Calif., last June to combine the 
disciplines of aeronautics, thermodynamics, 
and electronics. 


Precise calculation for the lifetime of earth satellites 
requires more accurate knowledge of upper air densities 
than now available. One of the principal assumptions 
regarding air density is that it depends only on alti- 
tude and is independent of latitude, time of day, and 
season. This assumption is retained in lieu of syste- 
matic data on these variables. For the calculations of 
this paper the altitude is always less than 200 km. 


Figure of the Earth 


By the figure of the earth, we mean the geometric 
shape of the earth or the geoid. The geoid is the shape 
the earth is defined to have. A number of geoids have 
been defined’ in the shape of oblate spheroids with the 
polar axis as the axis of rotation. For the purpose of 
this study the geoid is that defined by the International 
Geodetic and Geophysical Union of 1924. The equa- 
torial radius is defined to be 6,378,388 + 18 m., with 
the polar radius taken to be shorter than the equatorial 
radius by precisely the 1/297th part of the equatorial 
radius. The polar radius then turns out to be about 13 
miles shorter than the equatorial radius. 

The influence of the nonspherical figure of the earth 
on the satellite trajectory is through the mechanism of 
air drag. Assume a satellite orbit of perfectly circular 
form in a plane through the poles. On the equator 
the satellite will be 13 miles closer to the earth than 
at the poles. For such a change in altitude the density 
changes about eightfold. It is clear that the frequent 
assumption of a spherical earth is unwarranted if ac- 
curate satellite trajectories are desired. For non- 
equatorial orbits the nonspherical figure of the earth 
should be taken into account in any but the most ap- 
proximate solutions. 


Gravitational Field 


The gravitational field of the earth can be broken 
down into a part with spherical symmetry and a non- 
spherical part. The part with spherical symmetry 


has a potential which describes the usual inverse square 


law of gravitation. 
¢; = KM/r 
where 
¢; = potential of spherically symmetrical field 


universal gravitational constant 
M= mass of earth 
r = radius from center of earth 


The product KM is known to six significant figures from 
astronautical observations. The nonspherical part of 
the gravitational potential ¢) has components inversely 
proportional to r’, 7°, etc. The part proportional to 
r—* is the dominant component and is generally agreed 
to have the following form: 


do = —(KM/r) (ua?/r*) (1 — 3 cos 2p) 
where 
6u = (1.637 + 0.004) 10-% 
a@ += equatorial radius of earth 
Y = geocentric latitude (Fig. 2) 


The constant u is an experimentally determined con- 
stant which gives the strength of the oblateness gravi- 
tational field. The potential is that for two doublets 
which closely approach each other, as shown in Fig. 2. 

The components of the gravitational force field are 
found by taking the derivatives of the potential in the 
direction of the component. The oblateness gravita- 
tional field thus has radial and tangential components. 
The radial component at the equator acts to increase 
the gravitational attraction because of the equatorial 
bulge. At the poles the oblateness effect acts to re- 


(al) CIRCULARIZATION (6) SPIRAL DECAY TERIMINAL PHASE 
OF ELLIPSE. 
Fic. 1. Atmospheric phases in satellite re-entry. 


GLOCENTIIC 
LATITUDE 


Fic. 2. Construction of oblateness gravitational potential. 
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Fic. 3. 


Inertial coordinates and orbital plane. 


duce the gravitational attraction. It is to be noted 
that the tangential components act always to pull the 
satellite toward the equator. 

At about 75 miles altitude, the oblateness and aero- 
dynamic drag forces are of the same order of magni- 
tude for W/CpA of about 30, where W = weight of 
satellite, Cp = drag coefficient, and .1 = reference area. 
Equations of Motion 


Coordinate Systems 


Care must be taken in the choice of a coordinate 
system if an efficient solution to a satellite trajectory 
problem is desired. It is desirable to have a reference 
inertial coordinate system for deriving the equations of 
motion. A system of axes fixed in direction but moving 
with the earth would be an inertial system, except for 
the centripetal acceleration of the system due to the 
motion of the earth around the sun and for precession 
and nutation of the polar axis. However, for the pur- 
poses of this paper such effects are very small, and we 
can take our inertial system as a set of Cartesian axes, 
one axis coincident with the polar axis, moving parallel 
to itself at all times. 

Such an inertial system of axes is shown in Fig. 3 as 
the x y z system. Consider a satellite with radius 


vector r and vector velocity V. The vectors r and V 
define a plane called the orbital plane. The inter- 
section of this plane with the equatorial plane is the 
line of nodes, the node shown here being the ascending 
node. Two angles are required to specify the position 
of the orbital plane, the angle @ specifying the position 
of the line of nodes and the angle a specifying the tilt of 
the plane. It is interesting to note that the principal 
effect of oblateness is to cause a change in the angle @. 
Oblateness causes the line of nodes to move or regress 
backward against the directed motion of the satellite 
at a rate proportional to cos a. The maximum rate of 
regression of the line of nodes for a near satellite is 
about 6.6 deg. per revolution. 

Having established the coordinate system and the 
orbital plane, let us consider a more detailed version of 
the previous figure as shown in Fig. 4. Note that in 
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addition to 6 and a, we have the radius ry and polar 


angle @ in the orbital plane. The unit vectors i,, i, 


and 7, define a coordinate system centered on the 
satellite in terms of which equations of motion will be 
given. We also have another pair of coordinates \ and 
¥Y which form a quasi-geographic system. The first 
coordinate \ is the absolute longitude of the satellite 
measured from a fixed direction in space. The quan- 
tity y is the geocentric latitude, being an angle in a sys. 
tem of spherical polar coordinates. It differs slightly 
from the geographic latitude used in cartography which 
is defined from a spirit level reference that includes 
gravitational and earth rotational effects. 

Consider the number of dependent variables in the 
dynamics of the system which depends on time as the 
independent variable. Besides the angles 6 and a 
defining the position of the orbital plane, there are the 
polar coordinates r and @ defining the position of the 
satellite in the orbital plane. Finally, there are the two 
components of the vector velocity V which by defini- 
tion lies in the orbital plane. We thus have six de- 
pendent variables—four of position and two of velocity. 


Newtonian Equations of Motion 


We will give the equations of motion in the 7, ¢, and 
a system without proof, as taken from reference 1. 
Let F,, Fy, and F, be the components of the forces of 
drag and gravitation (including oblateness effects) 
acting, respectively, in the 7,, 7,, and 7, directions, 
Also, let V,, be the horizontal component of the satellite 
velocity. Then the equations of motion have the 
following simple form: 


— (V,2/r) = F,/m 
Vet = F 


VQ, = 


‘m 


subject to the kinematic relationships 
@+6cosa = V,/r 
a/cos @ = 6sin a/sin @ = Q, 


The first three equations are the equivalent of four 


Fie. 4. 


Coordinate systems for equations of motion. 
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first-order equations. These, taken together with the 
second set of two first-order equations, yield a total of 
six first-order equations. This number equals the num- 
ber of dependent variables, as it should. 


Elliptic Orbital Elements 


The preceding equations of motion can be integrated 
numerically step by step to yield a trajectory. How- 
ever, for many purposes it is better to change to a set of 
dependent variables which are representative of the 
ellipses which fit various segments of the satellite trajec- 
tory. The dependent variables of such a set are termed 
elliptic orbital elements, and there are a large number 
of independent sets of six. Without drag or oblateness, 
the satellite orbit is a perfect ellipse. Introducing 
drag and oblateness should cause only small deviations 
from this ellipse as long as we avoid the terminal phase. 
This fact forms the obvious basis of a perturbation 
method, in which small departures from a basic ellipse 
are calculated. Another perturbation method is that 
of variation of parameters. In this method we deter- 
mine the variation with time of the parameters char- 
acterizing the ellipses which instantaneously match the 
trajectory at every point. These parameters are the 
orbital elements. 

Consider the instantaneous dynamical state of a 
satellite. This state is determined by the radius vector 


r and the vector velocity V. If there is no drag or 
oblateness, these vectors specify a unique ellipse which 
is the orbit. The parameters defining this unique 
ellipse are equally representative of the instantaneous 
dynamical state, and their time histories fully specify 
the trajectory when drag and oblateness are present. 
To specify one particular set of orbital elements, 
consider Fig. 5. This figure shows the ellipse which 


a satellite with vectors r and V would follow for no 
drag or oblateness. 
The polar form of the equation for this ellipse is 


[1 + Ecos (@ — — 


where 


l semimajor axis 

E = eccentricity of ellipse 
position of perigee 
polar angle 


° 


Taking these four parameters, together with the angles 
§and a@ specifying the orbital plane, we have a set of six 
orbital elements. Time will then be the independent 
variable. If we were interested in how things changed 
per revolution, we might let the polar angle ¢ be the 
independent variable and let time be a dependent 
variable. 

It is clear that many sets of orbital elements can be 
constructed. Some other parameters which could be 
used are kinetic energy, momentum, semiminor axis, 
latus rectum, etc. A set different from the above is 
used in reference 1. Still another set is given in refer- 


Fic. 5. 


Instantaneous ellipse. 


ence 8, and is reproduced by Taratynova in reference 
9. 

One advantage of the formulation of the equations of 
motion in terms of orbital elements is the direct physical 
significance gained thereby. Another advantage is 
that the orbital elements are usually slow-varying func- 
tions of time so that numerical integration of the equa- 
tions of motion can be made using large time intervals. 
One disadvantage of the particular set used in reference 
1 is that certain of the elements become quite large as 
impact is approached so that the numerical integration 
is ill conditioned. 


Calculative Example Using Orbital Elements 


As a first numerical example, let us examine the re- 
sults of an application of the equations of motion in 
terms of orbital elements to an equatorial orbit with and 
without the oblateness gravitational field. For the 
calculation, the product of the drag coefficient and the 
frontal area divided by the mass (CpA/m) was taken 
to be unity. ‘This value is representative of a manned 
re-entry vehicle. The initial orbit is taken circular at 
120 miles altitude with a horizontal velocity correspond- 
ing to circular orbital speed neglecting oblateness 


V, = (KM/r)¥2 


For the calculation without oblateness, the drag 
was “‘turned on”’ at time zero when the eccentricity is 
zero. The satellite then enters a spiral decay phase 
and starts to lose altitude. The resulting trajectory 
was calculated on an IBM 650 computer with a suffi- 
ciently small interval size to ensure an accurate tra- 
jectory. For the oblateness calculation, the drag and 
the oblateness gravitational field were both “turned 
on” at time zero. The gravitational attraction was 
thereby suddenly increased for the equatorial orbit 
used in the calculation. The oblateness trajectory was 
also calculated on an IBM 650 computer. Compari- 
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Fic. 6. Effect of oblateness on periodic variations of satellite in 
equatorial orbit 
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Fic. 7. Secular trends during terminal phase of satellite in 


equatorial orbit 


son of the two trajectories shows the perturbations of 
the trajectory due to the oblateness gravitational field. 
In both calculations atmospheric rotation has been in- 
cluded. It is assumed that the atmosphere rotates 
uniformly with the angular velocity of the earth. 


Periodic Variations 


In the discussion of the effects of oblateness we dis- 
tinguish between periodic variations and_ secular 
trends. The periodic variations are fluctuations during 
a cycle which do aot accumulate from cycle to cycle. 
The variations which accumulate are termed 
secular trends. The effects of oblateness on periodic 
variations are illustrated in Fig. 6 where the altitude 
and eccentricity are plotted against the longitude of 
the satellite for one revolution. With drag but no 
oblateness, the satellite loses altitude monotonically 
and enters a spiral decay phase. The nominal eccen- 
tricity becomes of the order 10~ as the result of drag, 
and the satellite loses about 800 ft. altitude per revolu- 
tion. This loss of altitude is too small to register in 
Fig. 6. With oblateness, the satellite goes into 
an orbit of greater eccentricity, of the order 10~%, with 
well-defined perigee and apogee. In fact, the altitude 
difference between apogee and perigee is of the order 
70,000 ft. For an explanation of the appearance of an 
apogee point at time zero, first note that, when the 
oblateness field is included, the gravitational attrac- 
tion in the equatorial plane is increased. A satellite 
in an equilibrium circular orbit for no oblateness thus 


do 
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has a velocity deficiency to maintain a circular orbit 
if the gravitational attraction is suddenly increased at 
time zero. Since the radial velocity was taken as zero 
at time zero, we must have apogee or perigee, but, since 
the satellite speed is too small to maintain a circular 
orbit, the initial point must be an apogee point. 
Because the altitude of the satellite is generally lower 
with oblateness than without it, the calculated average 
drag of the satellite over the cycle is approximately 
doubled. As a result, the satellite loses altitude at 
about twice the rate with oblateness than without it. 


Secular Trends 


The secular trends are illustrated in Fig. 7 for the 
terminal phase of the trajectory. The value of CpA/m 
for this figure is 10 rather than unity so that impact 
would occur from 120 miles altitude in a few revolutions, 
The altitude at apogee is plotted versus the number of 
revolutions together with the eccentricity. This satel- 
lite completes four revolutions but comes to impact 
before completion of the fifth. The variation of the 
eccentricity is interesting. It remains of the order 
10-* until impact is approached, at which time it 
quickly rises to unity. It can be shown that the 
eccentricity of the instantaneous ellipse is given by 


F? = 1 — 2{1 — (V?/2V.2)] (V,?/V.2) 
where 
V = satellite speed 
V. = horizontal component of V’ 
V. = circular orbital speed 
If the horizontal velocity becomes zero, the eccen- 


tricity becomes unity. 

The present calculations never reached impact be- 
cause the independent variable ¢ used in the calculation 
becomes constant if the flight path becomes vertical. 
One way to overcome this difficulty is to switch to time 
as the independent variable. However, among the 
orbital elements used in the calculations, several became 
large as the path became vertical. This ill-conditioning 
was not removed for the impact calculations, but rather 
the method of orbital elements was abandoned in favor 
of a quasi-geographic method. 


Quasi-Geographic Formulation of Equations of Motion 


A particular set of coordinates suited to calculation of 
trajectories to impact is a quasi-geographic system 
based on radius, latitude, and longitude. With refer- 
ence to Fig. 5, these quantities are denoted r, A, and y. 
As previously mentioned, the latitude is a geocentric 
quantity, and the longitude is measured from a fixed 
direction in space rather than from Greenwich. In 
terms of the new coordinates, the equations of motion 
are essentially those for spherical polar coordinates. 


— — cos? = F,/m 
[1/(r cos (d/dt) (7? cos? WA) = Fy/m 


rb + + rd? sin cos y = F,/m 
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The forces per unit mass including drag and oblateness 
forces are easy to write down. 


Calculative Example Involving Quasi-Geographical 
Coordinates 


In this example let us consider a nonequatorial orbit, 
with the orbital plane inclined at 65° to the equator. 
Also, let the initial altitude at the equator be 80 miles 
so that the satellite comes to earth in about a revolu- 
tion with CpA/m of unity. The satellite is moving 
horizontally at circular orbital speed over the equator 
at time zero. Over the range for which the calculations 
using orbital elements are accurate, the trajectories 
as calculated by orbital elements and by the quasi- 
geographic method were in agreement. 
rotation is included. 


Atmospheric 


General Aspects of Three-Dimensional Orbits 


It is of interest to note certain aspects of three- 
dimensional orbits as illustrated in Fig. 8 in which 
latitude, longitude, and altitude are plotted versus 
time. The magnitudes of the maxima and minima in 
latitude are equal to the inclination of the orbital plane 
to the equator. The longitude increases steadily with 
time. The altitude-time curve is of interest since it 
shows the altitude initially increasing. Actually the 
nonspherical figure of the earth causes this effect since 
the orbit is almost nearly circular. The first maximum 
in the altitude corresponds closely to maximum 
north latitude of the orbit. As the satellite crosses the 
equator heading south, there is a second minimum in the 
altitude. 

The satellite moves along its A, y trajectory relatively 
uninfluenced by drag. While its \, y coordinates do 
not depend much on CpA/m, its altitude does. In this 
connection, inclusion of the oblateness gravitational 
field has an effect on altitude qualitatively similar to 
increasing CpA/m. When the satellite descends to a 
certain altitude dependent on CpA/m, it starts its 
re-entry. Thereafter it loses its horizontal velocity 
rapidly through a combination of downward curvature 
and deceleration due to drag. It pulls out of its gen- 
eral trajectory and descends nearly vertically. Ticks 
are placed on the \ and y curves at this point. The 
corresponding ticks on the altitude curves show that 
the satellite has penetrated deep into the atmosphere 
before this behavior occurs. 


Impact Point 


One thing clear from Fig. 9 is the large influence 
that oblateness can have on range and the location of 
impact. In fact, for the present example, inclusion of 
oblateness forces reduced the range about 6,000 miles. 
Thus, by neglecting oblateness gravitational forces, a 
manned re-entry vehicle attempting to circumnavigate 
the globe and land in Washington, D.C., could well end 
up in the middle of the Pacific. 

Atmospheric rotation has a large influence on impact 
point although not so large as that of the oblateness 


gravitational field. Two distinct effects can be dif- 
ferentiated. First, for a satellite launched in the direc- 
tion of the earth’s rotation, the rotation of the atmos- 
phere tends to reduce the drag of the satellite by a 
few per cent. The satellite will follow the same gen- 
eral \, y trajectory as without earth rotation but at a 
somewhat higher altitude. It thus travels farther be- 
fore it pulls out of the main trajectory. The longitude 
difference due to this effect is about 1,200 miles. The 
second effect occurs during that part of the trajectory 
when the satellite has decelerated substantially to sub- 
sonic speeds. If there were not atmospheric rotation, 
then the satellite would come in almost radially as 
viewed by an observer in the inertial framework. But 
with atmospheric rotation, the satellite is pulled along 
with the earth and appears to descend vertically as seen 
by an observer on the earth. Since the earth moves 
eastward at a maximum rate of about 1,000 m.p.h. and 
the satellite is in approximately vertical flight for about 
300 sec. (for CpA/m of unity), the maximum change in 
impact point is about 80 miles in longitude. The first 
effect is thus the overriding one. 


Importance of Various Terms in Equations of Motion 
During Re-Entry 


The re-entry phase of a manned re-entry vehicle is 
of particular importance since maximum heating and 
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maximum acceleration occur in this phase. It is thus 
of interest to examine the terms in the equations of 
motion for this phase to obtain physical insight into 
re-entry dynamics. To this end, the quasi-geographic 
method was applied to the precise calculation of an 
equatorial orbit to impact and the magnitude of the 
various terms in the equations of motion thus deter- 


mined. The equations of motion in question are 


(V,2/r) = (D,/m) + (G,/m 


radial motion 


horizontal motion 


Vet (#/r) V4 = (Dg/m) + (G,/m) 
where 


(D,/m), (D,/m) = components of drag per unit mass 
in radial and horizontal direc- 
tions, respectively 


(G,/m), (G,/m) = components of gravitational field 
in radial and horizontal direc- 
tions, respectively 


The magnitudes of the various terms are shown in Fig. 
9 for re-entry from a circular equatorial orbit at 80 
miles altitude with CpA/m of unity. The magnitudes 
are plotted against the quantity 1 — V/V, to facilitate 
the presentation. The quantity )’,/ V, is a character- 
istic number of significance in the study of the various 
regions of the re-entry phase. 

Examining first the magnitude of the various terms 
in the tangential equation of motion, we note that the 
horizontal drag component and the tangential acceler- 
ation dominate the motion. The acceleration of gravity 
in the horizontal direction, G,/m, is due entirely to 
oblateness. It is negligibly small for many engineering 
purposes and is not included in the figure. The acceler- 
ation component 7V,/r is also negligible for satellite 
re-entry, at least for speeds less than 99.9 per cent of 


circular satellite speed. This assumption is the basis 
of the Z-function method of Chapman.’ 

The equation of radial motion contains terms of the 
orders of magnitude shown in Fig. 9. For values of 
satellite speed near circular orbital speed, the gravita- 
tional attraction G,/m is balanced by the centrifugal 
force V,°/r. Near the end of the trajectory the motion 
is largely vertical, and the gravitational attraction and 
drag force dominate the motion. However, the radial 
acceleration must still be taken into account if accurate 
results are desired. For the entire trajectory an ana- 
lytical solution is not yet at hand. The numerical solu- 
tions of Chapman, however, are very useful for most 
engineering purposes. 
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“When solutions are accomplished, it is believed thal 
an engine system will be available which, 


while it cannot be of use without the chemical rocket, 


will supplement the chemical rocket for space flight.” 


lon Rocket Engine Systems—a summary 


Robert H. Boden, AIAS 


North American Aviation, Inc. 


Mass FACTORS have stimulated increasing interest 
in the development of high-performance thrust 
generators for space vehicles. Among these are recent 
developments in large chemical rocket engines and new 
high-performance power plants, increased knowledge 
of the physics of particles, the recent successes both in 
this country and in Russia of placing satellite vehicles in 
orbit, and the most recent success of the United States 
moon rockets. The successful development of an 
electrical propulsion system will contribute toward 
satisfying man’s curiosity about outer space. 

The term thrust generator is purposely used in lead- 
ing up to the definition and description of an electrical 
propulsion system. The ion rocket engine and the 
plasma rocket are two thrust generators which have be- 
come familiar to the engineer and the scientist. First, 
let us define what is meant when these power plants 
are mentioned. 

The concept of the ion rocket engine which will be 
used here is one of a system which includes three major 
subsystems—the energy source, the power converter, 
and the ion thrust chamber. The first two components 
mentioned are also required for a plasma engine. The 
thrust chamber of the latter is rather generally referred 
to as the plasma rocket. In it the gases generated elec- 
trically from the propellants are heated to high tem- 
peratures, then expanded through a contoured nozzle 
to produce the thrust in a manner similar to that of the 
chemical rocket engine. 

One concept of an ion rocket engine is summarized 
in Fig. 1. The thrust chamber, which is the heart of 
the engine, is delineated by the dashed rectangle. It 
includes an ion source and an array of electrodes to focus 
and accelerate them and an electron emitter. Vapor- 
ized propellants are fed to the ion source where they are 
ionized either by contact with heated metals or by 
being subjected to electron bombardment. The fully 
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the Directorate of Advanced Studies, Air Force Office of Scien- 
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were A. L. Huebner, S. L. Eilenberg, R. H. Gersten, W. A. 
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Dr. Robert H. Boden—now Project Engineer, 
Advance Design Section, on the ion rocket 
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utilize electronic computing in analysis of 
complex engineering data from rocket engine 
tests. He also organized the first numerical 
analysis groups at the North American Avi- 
ation division and directed installation of the 
system there. Boden’s current field of prime 
interest, the ion engine, is being studied for 
possible use in unmanned outer space vehicles. 


ionized propellant is then conducted through the 
focusing electrodes and the accelerating electrode, 
which imparts kinetic energy to the ions. 

Power to drive the ion thrust chamber is obtained 
from a high-speed electrical power generator which in 
turn is driven by a gas turbine. The power for the 
turbine is derived from a high specific power nuclear 
reactor through a single-loop system using an alkaline 
metal as the working fluid. 

The ion rocket engine model shown in Fig. 1 is a con- 
cept which it is believed will result in an engine of 
minimum weight and simplicity. It does not require 
technical or scientific breakthroughs to achieve a flying 
model. The individual elements of this engine model 
are discussed in greater detail later. 
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Fic. 1. Typical ion propulsion system. 
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Many other concepts which include heat source 
other than nuclear, direct power conversion systems, 
thrust chamber with electromagnetic accelerators in 
which crossed electromagnetic fields apply the forces to 
accelerate the ions and electrons, etc., have been con- 
ceived and proposed. After evaluation of design and 
performance problems associated with these concepts, 
the most favorable system for development within the 
next few years appears to be the electrostatic engine. 
Research upon this model is now being conducted at the 
Rocketdyne division of North American Aviation, 
Inc., under the sponsorship of the Directorate of Ad- 
vanced Studies, Air Force Office of Scientific Research, 
ARDC. 


Historical 


The concept of the ion rocket engine is not a new 
one. Herman Oberth devoted a chapter to a solar- 
powered ion rocket in his classic Wege Zur Raumschif- 
fahrt published in 1929. In this document Oberth 
mentions an earlier investigator, the Russian Ulinski, 
who proposed the engine about 1923. There are un- 
confirmed reports that an English researcher suggested 
an ion rocket engine at an even earlier date. Since 
then ion propulsion has been examined by L. R. 
Shepard and A. V. Cleaver of Great Britain, in 1947 and 
1948; Prof. L. Spitzer, Jr., of Princeton University in 
1951; H. Preston-Thomas of Great Britain in 1952; 
and D. C. Romick and Dr. Ernst Stuhlinger, now of the 
Redstone Arsenal here in the United States, in 1954. 
These studies were largely general in nature, being 
the work of individuals.. They all predicted that ion 
rocket vehicles are capable of attaining velocities which 
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are higher than those obtainable with chemical rockets 
having the same payload and gross weight. 

In January, 1957, an analytical study of the ion rocket 
was initiated at Rocketdyne under the sponsorship of 
the Directorate of Advanced Studies, AFOSR. This 
was the prelude to an experimental research program 
which was initiated at Rocketdyne under the same spon- 
sorship early in 1958. It is believed that the first 
ions produced with the idea of vehicle propulsion in 
mind were generated at the Research Laboratories of 
Rocketdyne. These studies are now continuing at an 
accelerated pace. 


General Discussion 


The ion rocket engine presents four major problems— 
the heat source, the power conversion system, the ion 
thrust chamber, and the propellants. The overall re- 
quirements for these components are examined in the 
following discussion. 

When installed in a vehicle for travel in outer space, 
the engine system is subjected to forces during the 
boost phase varying from 1.5-2g up to 7—15g at burn- 
out. Once established in a satellite orbit, the vehicle 
settles down, and only low-acceleration forces need be 
dealt with. The engine must be structurally sound to 
withstand boast loads. 

The engine may be installed in a final stage of the 
rocket. Let us assume that it is used for vernier con- 
trol of the flight path. This presumes that sufficient 
velocity is imparted to the vehicle to reach its destina- 
tion. It will be shown:later that a thrust-to-weight 
ratio G of 10~‘* is a reasonable value to be expected in an 
ion-powered vehicle. Let us build in a capability of 
achieving a velocity change Av of 3,600 ft. per sec. if the 
terminal velocity of boost is 36,000 ft. per sec. This 
is a 10 per cent safety factor. The time to achieve this 
velocity change’ is obtained from the relation 


t = (0.0311 Av)/3,600G hours (1) 


Under the ground rules set up for this control applica- 
tion, the engine must be capable of operating up to 
311 hours, nearly 13 days. 

If sufficient power is available in the vehicle to step 
up the thrust-to-weight ratio to 10~*, this time can be 
reached to 1.3 days. 

A mission to the moon or to Mars from a hundred- 
mile satellite orbit presents quite a different picture. 
Analyses performed on an automatic digital computer 
at Rocketdyne of a mission to circumnavigate the moon 
predict that the engine must operate continuously for 
about 1,820 hours, nearly 76 days. This time is ex- 
tended to 323 days, nearly 11 months, to reach Mars. 

These assumed missions present a picture of the range 
of lifetimes over which the ion rocket engine must 
operate reliably and at full rated power. The minimum 
times have been frequently achieved by modern ait- 
craft. Very few, if any, high-performance power plants 
have operated for the periods demanded by the larger 
space missions. 

How much power is required is estimated from 
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analyses based on Newton’s laws of motion. For the 
purposes of this discussion, it is assumed that all of 
the ionized particles ejected to develop thrust have 
the same velocity and mass. 


The specific power requirements of the exhaust jet 
are graphically summarized in Fig. 2. The ordinate 
is the specific power, horsepower of the jet exhaust per 
unit vehicle weight. The abscissa is the specific impulse 
Isp, expressed in seconds. The specific impulse is 
the length of time in seconds that the engine will 
operate on a supply of fuel, equal in weight to the thrust. 
The variation of the specific power with the specific 
impulse is shown for several values of the thrust-to- 
weight ratio G of the vehicle in which the power plant 
is installed. 


The operating regime shown for the modern aircraft 
is computed for full power rating of propeller-driven 
vehicles at the lower limit of specific impulse and covers 
the jet-engined aircraft—such as the Boeing 707, 
Douglas DC-8, and North American Aviation T-39— 
at the upper. limit. The regime shown for chemical 
rockets covers existing solid- and liquid-fueled vehicles 
up to estimated performance values of future designs. 


The operating range shown for the plasma rocket is 
based upon tentative estimates. At this time it is diffi- 
cult to predict the overlap in performance of the plasma- 
powered vehicle on the ion-powered craft. The solar- 
powered rocket does not appear in this figure because the 
specific power of this vehicle is nearly two magnitudes 
less than that of ion or plasma vehicles of the same 
gross weight. It is noted here that the chemical rocket 
potentially is capable of filling the gap between the gas- 
turbine-powered aircraft and the plasma or ion rocket 
simply by applying a smaller rocket engine in a larger 
vehicle. Theoretically, the ion rocket can operate to 
much higher values of specific impulse than those shown. 
Since the specific power of the jet probably cannot 
exceed 0.05—0.10 hp. per Ib., the thrust-to-weight ratios 
of the higher specific impulse vehicles become very 
small. This results in much longer times for accom- 
plishing the same mission, and decreased payload. 


The resultsof an analysis to determine the best specific 
impulse for a given mission in which a velocity change 
Av of 96,000 ft. per sec. (Mars mission) is required are 
summarized in Fig. 3. The ratio of the payload weight 
to the gross weight of the vehicle is shown as a function 
of the specific impulse of the rocket engine. In the 
specific impulse range between 8,000 and 9,500 
sec. the change in the payload weight is negligible. 
This variation of payload is characteristic of such per- 
formance curves and indicates that substantial freedom 
exists in the selection of engine operating conditions. 
In comparison, preliminary estimates for a mission to 
the moon are that the specific impulse is in the neigh- 
borhood of 5,500 ft. per sec. The velocity change 
for this mission is from 23,000—25,000 ft. per sec. 


_The data of Fig. 3 are based upon an assumed effi- 
ciency of conversion of electrical power to exhaust jet 
power of 60 per cent. If this efficiency is 100 per cent, 
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Fic. 3. Variation of payload with specific impulse. 


the payload to gross weight ratio increases to 0.68 at a 
specific impulse of 11,400 sec. 

This brief discussion indicates a number of factors of 
importance in the design and application of an ion 
rocket engine. First, the power plant must be rugged, 
reliable, and lightweight and must produce high power. 
Since current estimates of the minimum accelerating 
potential drop is within the range from 10,000—12,000 
volts,' a relatively high ion weight per unit electron 
charge is desirable for missions to the moon and near 
planets in order to obtain a specific impulse lying within 
the range for maximum payload. Current estimates 
of the specific power capabilities of typical vehicles 
indicate that the thrust-to-weight ratio of an ion rocket 
is approximately 10-*. This in turn results in long 
travel times for most missions. An ion thrust chamber 
with the maximum electrical efficiency is desirable to 
achieve the highest payload. 


Power Sources 


Heat power for the ion rocket engine may be derived 
from several sources and later converted into electrical 
power. 

A thermal or intermediate nuclear reactor now ap- 
pears to be the most promising energy source for applica- 
tions to an ion rocket engine. Radioactive nuclear 
cells are too heavy and too short-lived for use in elec- 
trical propulsion systems. For nuclear reactors with 
high thermal fluxes, operating at high temperatures, 
liquid metals have special interest as coolants. They 
have excellent thermal properties, high thermal con- 
ductivity, low vapor pressure, relatively high specific 
heats, and volumetric heat capacities. The liquid 
metals are stable at high temperatures and in intense 
radiation fields. Nuclear characteristics of many are 
favorable for use in the reactor. The main disad- 
vantages lie in the difficulty in handling and in the 
corrosive problems of some materials at high tempera- 
tures. For these and a variety of other detailed reasons, 
liquid-metal-cooled nuclear reactors are being given 
attention in the ion propulsion research program. 

The low weight requirements of the nuclear reactor 
for the ion rocket engine application appears possible 
from consideration of core sizes, specific power (power 
per unit weight of fissionable material in the reactor), 
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Fic. 4. Principal problems of electrical power plant. 


and structural details of reactors for which information 
has been released. The active core of the Materials 
Test Reactor is contained within a 30-in. cube and is 
capable of developing 30,000 kw. thermal power. The 
active core of the water boiler research developed by 
Atomics International Division of North American 
Aviation is a sphere 12.5 in. in diameter. Cores of fast 
reactors are quoted to have core sizes ranging from 6 in. 
by 6 in. cubes to the size of footballs, depending upon the 
power output. Such cores, adapted for use with the 
liquid metals for heat transfer and incorporating light 
metal reflectors and shielding, are estimated to be 
of such a weight that an overall vehicle specific power 
(power in the jet per unit of vehicle weight) of 0.05- 
0.10 can be achieved. This results in a vehicle thrust- 
to-weight ratio in the neighborhood of 10~*. 

Solar energy has been suggested frequently for use in 
satellite and space vehicles. An inherent difficulty for 
propulsion is the low level of the energy incident on a 
collector. The collector size becomes large, and the 
estimated thrust-to-weight ratio of the solar rocket is 
less than 10-*. This implies that completion of a mis- 
sion with a solar rocket requires 100 times as much 
time as that required with an ion rocket vehicle powered 
with a nuclear reactor. For other than specialized 
applications, the solar rocket does not appear to have 
immediate promise. 


Power Conversion Systems 


Power conversion systems for an ion rocket engine 
have been narrowed down to closed-cycle gas-turbine 
systems. Summarizing current surveys briefly, photo- 
voltaic cells weigh approximately 200 lb./kw. The 
specific weight of thermoelectric generators is an order 
of magnitude greater than for photovoltaic cells. In 
addition, thermoelectric devices operate on a modified 
Carnot cycle which requires radiation of rejected heat. 
Because of these factors, the power section of early ion 
rocket designs will not include these unconventional 
systems. Current predictions are that a nuclear reactor 
and advanced mechanical power conversion system will 
be adopted. 

Mechanical systems for converting heat to mechan- 
ical energy include gas cycles (the Brayton cycle), and 
condensing cycles (the Rankine cycle), both single-loop 
and binary. Fig. 4 summarizes the major elements and 
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significant technical problems of typical mechanical 
systems. A single-loop system is shown. 

Helium is an excellent working fluid for an all-gas 
system. A Brayton-cycle working fluid that directly 
transfers heat from the nuclear reactor requires the 
following characteristics: (1) stability under nuclear 
radiation, (2) a low neutron absorption cross section, 
(3) low chemical activity, (4) compatibility with struc. 
tural materials, (5) good heat-transfer properties, and 
(6) low density. Hydrogen, helium. carbon dioxide, 
nitrogen, and air satisfy these criteria. 
superior. 

Rankine-cycle working fluids must have the char. 
acteristics of the gaseous working fluids and, in addition, 
the characteristics of (7) highlatent heat of vaporization, 
(8) a vapor pressure sufficiently low at reactor tempera- 
tures to avoid heavy pressure shells, and (10) a vapor 
pressure sufficiently high at radiating temperatures to 
avoid cavitation and other pumping problems. Water, 
the alkali metals, and their alloys—sulphur and phos- 
phorous—are materials which satisfy these require- 
ments to some degree. 

Typical power-plant performances are summarized 
in Fig. 5. These were obtained using standard en- 
gineering methods of analysis and assuming a specific 
set of operating parameters. Condensing systems using 
the Rankine cycle are superior because of less heat 
demand. They are far superior to gas cycles because 
of lower radiator requirements and potentially lower 
operating pressures. 


Helium is 


Electrical Power Generators 


Conversion of the mechanical power from closed-cycle 
gas-turbine systems presents an optimistic picture for 
the ion rocket engine. Applying existing design tech- 
niques for rotating electrical machinery, three alterna- 
tives appear satisfactory—the permanent magnet gen- 
erator, an a.c. induction generator, and the electro- 
static generator. These three generators are all esti- 
mated to develop at least 1 kw. per Ib. of weight with 
an efficiency exceeding 90 per cent when operated at 
high speed. Cooling and radiation damage may be 
serious problems for the electromagnetic types. These 
factors are not expected to affect the vacuum electro- 
static generator seriously. It is estimated to be the 
most satisfactory for application to the ion rocket 
engine system. 


TURBINE |REACTORIRADIATOR |REACTOR 
WORKING FLUID CYCLE | INLET |OUTLET| AREA | POWER 

PRESSpsaTEMP(?F)| SQ FT | MW 
HELIUM 1500 1900 | e800 | 4.00 
(WORKING FLUID & COOLANT) BRAYTON) i500 | 12300 | 526 
HELIUM (SODIUM COOLANT)|BRAYTON| 1500 i460 | 21400 | 625 
5000 2000 | 1100 | 400 
MERCURY ig00 | 1700 | 416 
(SODIUM COOLANT) 1200 i600 | 2000 | $26 
500 i400 | 3200 | 526 
460 2000 | 1000 357 
ALKALI! METAL ig00 | 1300 | 357 
(WORKING FLUID & COOLANT) 89 i600 | 1500 | 416 
31 | 3400 | 7.14 


* FOR ONE MW MECHANICAL POWER OUTPUT 
Fic. 5. Operating requirements for mechanical power conversion 
systems ion rocket engine. 
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Thrust Chamber 


The ion thrust chamber includes three basic com- 
ponents—an ion source, an accelerating electrode array 
for the ions, and an electron emitter. Two types of 
jon sources are applicable to the ion rocket engine—the 
arc type and the surface contact type. 


The so-called arc source is not like the conventional 
are struck from two electrodes as in the carbon arc so 
often used for concentrated light sources. As defined 
here, the arc is the phenomenon taking place within a 
gas which is subjected to electron bombardment under 
the influence of accelerating electrostatic fields and 
collimating magnetic fields. Collisions between elec- 
trons and gas atoms, or molecules, produce ions and addi- 
tional electrons. The latter, because of secondary 
collisions, multiply the ion yield. The are source 
has disadvantages in comparison with surface contact 
sources. These include increased complexity, a tend- 
ency toward unstable operation, the production of 
mixed species which lower the effective ion weight, and 
a lesser efficiency. A distinct advantage exists for the 
are source in that it is capable of ionizing a much wider 
variety of propellants. 


The surface contact source depends upon the con- 
trolled evaporation of propellants from a heated plate. 
To obtain positive ions from the heated plate, the 
thermionic work function of the plate must be larger 
than the ionization potential of the propellant atom. 
Proper selection of the propellant and the materials of 
the plate results in a ratio of ions produced to pro- 
pellant atoms evaporated which approaches unity. 
Application of this technique results in highly efficient 
sources. Some decrease in overall efficiency may be 
expected from radiation losses of the heated plate. 
Current estimates predict that the surface contact 
source will be lightweight, relatively simple to control, 
and long-lived. The propellants which can be ionized 
in this source are limited in number. 


Ions produced by the source are extracted and ac- 
celerated by an array of accelerating electrodes. An 
additional function of these electrodes is to direct the 
ion jet into a well-collimated beam so that the momen- 
tum imparted to the ions is not dissipated in useless side 
thrust. This function is similar to that of the nozzle of 
the chemical rocket. Another purpose of the electrode 
atray is to prevent the ions from striking any part of 
the engine structure. Since they are of high energy, 
each collision results in sputtering off several atoms of 
the structural material and can result in damage or 
destruction of the structure if not controlled. 


Electrons, released and collected at the ion source, 
are pumped off as electric current through the electrical 
power generator to the skin of the vehicle parallel and 
equal to that of the ion current. If the ion and electron 
currents are unequal, space charge effects stop the ion 
flow in a small fraction of a second. 


Two methods of electron generation appear readily 
adaptable to the ion rocket engine. One is field 


emission from properly positioned metallic probes in 
the neighborhood of the ion jet. The other is by therm- 
ionic emission from a heated plate of tungsten, tantalum, 
or other suitable material. Electron emission in this 
application is believed to be a self-controlled phenom- 
enon and presents little difficulty of accomplishment. 


Propellants 


Propellants pose several problems, many of which are 
similar to those of the chemical rocket engine. ' Corro- 
siveness, materials compatibility, toxicity, handling 
techniques, and availability are a few of this type. 
Ionization must be possible, complete, and efficient. 
In order to minimize the specific power demands from 
the vehicle, it is desirable to select propellants which 
will produce relatively heavy ions. This selection 
is conditioned by the mission and the operating 
voltages of the rocket engine. The reasons for this are 
that the specific power of the vehicle increases rapidly 
with the ratio of operating voltage to the ion weight, 
and there is a preferred specific impulse for each mission. 


The high atomic weight alkali metals are popular 
because of their low boiling point, ease of ionization in 
any type of source, and high efficiency of ionization— 
particularly in surface contact sources. Cesium (atomic 
weight 132.9) undergoes 100 per cent ionization on 
tungsten metal over the temperature range from 1,700° 
to 3,200°F. Rubidium (atomic weight 85.5) exhibits 
the same high ionization over a narrower temperature 
range, 1,700° to 2,100°F. Lower atomic weight alkali 
metals do not approach this efficiency of ionization.? 


Chemical compounds such as uranium tetrachloride 
can be ionized in are sources but at lower efficiency than 
the alkali metals. The compounds break down into a 
variety of ionic species. Uranium tetrachloride pro- 
duces ions with a range of weights from 380 (UCk*) 
to 17.8 (Cl*+). The species and concentration de- 
pend upon the operating conditions of the source. The 
effective ion weight in the jet varies from less than 100 
to above 200. 

At this time cesium and rubidium are good choices 
for experimental ion rocket propellants. 


Conclusion 


This paper has demonstrated the problem areas of 
the ion rocket engine, the heat source, the power 
converter, the thrust chamber, and the propellants. No 
attempt has been made to decide the controversial issue 
of which is the most important. All must be solved 
concurrently before a successful flight prototype is 
developed. When solutions are accomplished, it is 
believed that an engine system will be available which, 
while it cannot be of use without the chemical rocket, 
will supplement the chemical rocket for space flight. 
Applications are believed to exist for missions requiring 
high payloads, missions to distant planets, and posi- 


tional control of satellite vehicles. Many of these 
(Continued on page 75) 
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** |. . The challenge to produce ceramic materials of greater strength and reliability 
so that aercnautical designers may exploit their well-known abilities 


to withstand extremes of temperature and abrasion has accelerated 


the use of newly acquired scientific skill and new materials.” 


Aeronautical and Space Applications 


for Ceramics 


Tic CERAMIC INDUSTRY, which is char- 
acterized by a myriad of commercial products which 
have been changed little in decades or centuries, is find- 
ing the tools to satisfy the startling demands of the fast 
moving aviation and missile industries. The challenge 
to produce ceramic materials of greater strength and 
reliability so that aeronautical designers may exploit 
their well-known abilities to withstand extremes of 
temperature and abrasion has accelerated the use of 
newly acquired scientific skill and new materials. The 
result of this effort has been a new order of ceramics 
which bear little resemblance to their clay counter- 
parts. These new materials are characterized by 
purities above 90 per cent, near theoretical densities, 
and have created new processing techniques which no 
longer rely on the natural plasticity of clay materials 
but on additions of organics. Recent advances have 
come at a rate found in the aviation and electronic 
fields themselves. The problem of reviewing the high- 
lights of these advances is attempted here, with refer- 
ence for further study by the reader. 


Properties of the New Ceramics 


The primary interest for ceramics in aeronautics has 
been prompted by the desire for high temperature and 
oxidation resistance. Table 1 lists some of the more 
frequently used ceramic materials and their melting 
points which range from 1900°C. to 2700°C. Of further 
importance is the excellent resistance to rain erosion 
which some of these materials exhibit. Exposure of 


TABLE 1 
Melting 
Points, 
Limitations 

Carbon 3700° Oxidizes 
Tungsten 3410° 
Thorium Oxide 2700° Expensive 
Zirconium Oxide 2500° Expensive 
Beryllium Oxide 2400° Expensive, toxic 
Magnesium Oxide 2400° Hydrates 
Calcium Oxide - 2400° Hydrates 
Aluminum Oxide 1950° 
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project leader of the Technical Ceramic Sec- 
tion of Gladding, McBean & Co., Los Angeles, 
Calif. Mr. Welterlen received his B.S. degree 
in ceramic engineering from lowa State Col- 
lege in 1951. After 2 years as a communica- 
tions officer in the USAF, he joined the staff 
of Gladding, McBean & Co. He has worked 
on a variety of ceramic problems and recently 
has devoted full time to the development and 
production of technical ceramic components, 
including alumina radomes, electronic parts, 
ceramic printed circuits, et al. 


aluminum oxide to a Mach 2 rain field has only cleaned 
the surface of the ceramic but virtually destroyed the 
supporting metal fixtures. The high modulus of elas- 
ticity of these materials may be put to good use in 
structural components reducing flutter. In the elec- 
tronic field, ceramic materials of the titanate group are 
utilized to produce a wide range of dielectric constants 
and temperature coefficients in components. Magnetic 
ferrites serve in memory devices and cores at elevated 
temperatures. Ceramic vacuum tubes capable of 
operating in high ambient temperatures and under 
severe vibration and shock conditions have been intro- 
duced. It has been found that these ceramics possess 
excellent resistance to nuclear radiation and are pro- 
posed for electronic, structural, and functional com- 
ponents in aircraft propulsion systems. 

The outstanding characteristics of some of these new 
ceramics are reviewed here individually. 


Aluminum Oxide 


More commonly referred to as alumina ceramic, this 
material is one of the most frequently used of the new 
ceramic materials. It is characterized by a superior 
strength, excellent impact resistance, hardness, and 
outstanding electrical insulating properties. It is also 
stable in a wide variety of atmospheres and in contact 
with most chemicals. The full tensile strength of this 
material is maintained above 2000°F. and it may be 
used structurally as high as 3000°F. under some condi- 
tions. In Table 2, alumina is compared in hardness 
with diamond and other abrasive materials. 
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Beryllium Oxide 


Although toxic, this material has received consider- 
able attention due to its extremely high thermal con- 
ductivity; values forty to fifty times that of ceramic 
porcelain and approaching metallic aluminum are re- 
ported. Beryllia further exhibits high “hot’’ strength, 
and, as such, is a prime candidate for applications where 
extremely high temperatures and thermal shock are 
encountered. It is useful in nuclear devices as a 
moderator for “‘fast’’ neutrons, reducing them to ‘‘ther- 
mal” neutrons. 


Magnesium Oxide 


One of the most abundant refractory oxides, this 
material exhibits a high melting point and is compara- 
tively easy to fabricate. It possesses the disadvan- 


- tages of high thermal expansion, a tendency to hydrate, 


and volatilizes above 2300°C. It is further limited to 
a temperature of 1700°C. in reducing atmospheres. 


Thorium Oxide 


This is the highest melting ceramic oxide. It has a 
low vapor pressure at temperature, but it exhibits 
relatively poor thermal shock resistance, and is radio- 
active. 


Zirconium Oxide 


Zirconia is of interest for its very low thermal con- 
ductivity which has proved valuable in insulating heat 
sources or conductors from attached assemblies. It is 
very stable, has a high melting point and a moderate 
thermal expansion. It is normally stabilized with small 
additions of calcium oxide, yttrium oxide, or mag- 
nesium oxide to obtain greater thermal shock resist- 
ance. 


Carbides 


Familiar materials in this group are silicon carbide, 
titanium carbide, and boron carbide. These are an 
extremely hard class of materials, but exhibit limited 
stability in air or oxidizing atmospheres at high tem- 
peratures. Borides, a similar class, are slightly more 
stable than the carbides. Nitrides are of limited inter- 
est due to: brittleness and poor oxidation resistance. 
Silicides, as a group, are lower melting materials; how- 
ever, they possess excellent oxidation resistance and 
thermal shock properties. Molybdenum disilicide is 
the only commercially produced silicide at present. 
An excellent reference on these materials is contained 
in High-Temperature Technology! and is recommended 
for detailed physical, electrical, and chemical data. 


TABLE 2 
Hardness 
Material Knoop 
(Bureau of Standards) 
Diamond 6000-6500 
Silicon Carbide 2000-2500 
Alumina Ceramic 1450-1750 


H § Steel 650-900 


Processing 


In addition to conventional ceramic fabrication tech- 
niques as casting, powder pressing, and extrusion, a 
number of new techniques are being utilized to achieve 
greater density, strength, and uniformity in the new 
ceramic materials. Hydrostatic pressing of powders 
at pressures as high as 100,000 psi has been used to 
improve density and, in particular, to reduce sintering 
shrinkage enabling larger precision shapes to be formed 
without the expensive diamond grinding necessary to 
shape fired ware. Fabrication of radomes and tubular 
shapes has been particularly successful using this 
process. 

Aluminum oxide films of one-millionth inch thickness 
(or 25 to 50 molecules) which are self-supporting have 
been produced by simple laboratory techniques. The 
film exhibits properties of a two-dimensional solid and 
is transparent.” Thin films of titanate have been pro- 
duced for capacitor and piezo-electric uses utilizing a 
continuous casting technique. Another proprietary 
method for producing thin ceramic sheet continuously 
has been introduced for the production of ceramic 
printed circuit boards of alumina and steatite. Hot 
pressing techniques have yielded ceramic shapes with 
improved structural properties. In this method, pres- 
sure and high temperature are applied to the ceramic 
powder concurrently. At the present time, the size 
and complexity of shapes which may be produced by 
this method are limited and the electric power required 
for large shapes is generally a problem. Recent studies 
of single crystals have been of considerable interest. 


Fic. 1. Ceramic radomes are fabricated by hydrostatic press- 
ing of a solution containing as high as 99 per cent alumina which 
has been sprayed on a special steel mandrel. 
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Magnesia crystals have exhibited ductility under cer- 
tain conditions with compression of 10 per cent, ex- 
tension of 1 per cent and bends up to 50 per cent. 
These studies have led to the prediction that ductile 
polycrystalline ceramics will emerge in a few years.* 


Applications 


Radomes—Nose Cones 


Considerable effort has been made to produce ceramic 
radomes both of thin wall, structure using 
alumina, and a sandwich construction utilizing various 
porous ceramic materials (Fig. 1). Exhibiting excel- 
lent dielectric properties and dimensional stability, 
these materials are proposed for the high-performance 
interceptor missiles.‘ 


dense 


Ceramics may also play a part 
in re-entry bodies where porous ceramic structures are 
impregnated with ablating substances forming a struc- 
ture capable of withstanding extreme surface tempera- 
tures. 


Airframes 


Dense ceramics, notably alumina, have been proposed 
for the airframe structure itself and structural evalua- 
tions have been reported.> Sandwich or honeycomb 
structures have also been fabricated. Fig. 2 compares 
some of the high temperature alloys to ceramics, and 
we note that at temperatures above 1800°F. the ce- 


ramic comes into its own. On a strength to weight 


ratio basis, alumina surpasses 
tures above 1400°F.§ 


Inconel X at tempera- 


Rocket Nozzles 


A number of approaches to the problem of lining 
rocket thrust chambers have been made, including 
ceramic coatings on metal and monolithic ceramic 
structures. Silicon carbide bonded with silicon nitride 
has been used with some success.’ Zirconium oxide 
bears further investigation. Various combinations of 
ceramics and ablating materials are being investigated, 
The hydro-pressing techniques described provide a 
solution to the complex fabrication problems involved, 
The resistance of ceramic materials to abrasion, oxida- 
tion and high temperature are of considerable value in 
this area. Some of the experimental designs for ionic 
propulsion devices also utilize ceramic materials acting 
as insulators for high voltages and containers for cesium 
flow 


Airfoil Surfaces 


The use of ceramics for leading edge structures is 
extremely promising, particularly due to their resist- 
ance to rain erosion previously mentioned. In addi- 
tion, radar windows of varying sizes and electrical 
insulators exposed to high-surface temperature are in 
use on high-performance aircraft and missiles. 


74  Aero/Space Engineering ¢ April 1959 


Strength-weight ratio (ordinate) = tensile yield strength (ksi)/density (lb. /in.*) 


{ 
» 
\ 
Goo 
Soo 
Incone/ 
Aluminum 
SAP 
200 ~ 
COrHa 
loo} 
J ~ 
Aluminum 7S58-Te less BIS/ 
200 +400 «6600 800 /b600 A000 
Temperature, °F 
Fic. 2. Strength-weight ratio vs. temperature. 
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Electronic Equipment 


The ability of ceramic electronic components to 
withstand nuclear radiation and high ambient tempera- 
ture suggests their use in space vehicles where radiation- 
tolerant rather than radiation-protected devices will 
serve to advantage. Techniques for assembling ce- 
ramics and metals in vacuum tight assemblies are well 
advanced, and miniaturized sealed devices are proposed. 
A number of electronic circuits utilizing ceramic tubes, 
ceramic film resistors, ceramic mounts, and ceramic 
coated wire have been operated successfully under 
intense nuclear radiation at temperatures to 1500°F.® 


(Fig. 3). 


Tooling 


Hot forming techniques required for many of the 
special metal alloys require the application of ceramic 
in forming fixtures and related equipment. Ceramic 
brazing jigs have been fabricated for large brazed 
assemblies as rocket thrust tubes. These jigs aid 
materially in the even application of heat to the 
brazed areas eliminating chilling and braze embrittle- 
ment. Refractory castables have been successfully 
used in fabricating brazing fixtures for honeycomb 
brazing and in similar processes where extremely large 
The 
castables may be poured or rammed directly on a model 
surface at the factory site. These ceramic materials are 
selected for extreme resistance to thermal shock, and 
will withstand the rigors of torch brazing and direct 
flame impingement without failure. Closely related 
to these developments is the use of precision ceramic 
molds for powder metal sintering, replacing sand core 
and carbon mold assemblies. 


jigs of close dimensional tolerances are required. 


Conclusion 


The complexity of requirements for ceramic mate- 
rials in the frontiers of aeronautic development have 
induced a number of ceramic firms to attempt to con- 
tribute to the solution of the problems presented. 
They, in turn, have benefited from the thinking of 
chemists, physicists, and metallurgists, and have found 


lon Rocket Engine Systems (Continued from page 71) 


Fic. 3. 
which will withstand temperatures up to 2000°F. and all extremes 
of humidity. 


Ceramic printed circuit boards have been developed 


new scientific approaches to many of their own prob- 
lems. The willingness of ceramists and the ability of 
ceramics to contribute to the space age is limited only 
by the number of perplexing demands which are 
placed upon them. 
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“Committees do not solve problems; they are a crutch or an aspirin. 
The poorer the management, the more committees you will find. 
Free your design people from commitiees by managing better.” 


Technical Management 


From Airplanes to Space Vehicles 


Edgar Schmued, FIAS 


Consultant 


a Is the purpose of this paper to touch 
quickly on the past, discuss briefly how well its experi- 
ences have been applied, and try to determine how best 
we might achieve greater successes by using less precious 
time and hard-to-get money in the future. 

Just what is it that causes the materialization of great 
technical advances? The writer holds that it is superior 
understanding of technical facts, the willingness to 
risk setbacks, the desire to analyze failures for the 
better understanding of underlying factors, and, pos- 
sibly, the glorious pride of achievement. Let us see 
if this is so. 

Serious thinking in the realm of flight by man was 
done by da Vinci, of course, long before the reality of 
aviation at the turn of our century. 
by the Wright brothers is well known—in their work 
may be seen some of the finest examples of good detail 
design. After their early successes, the French scien- 
tist, Eiffel, who did many free-fall flight researches and 
wind-tunnel experiments, extended knowledge in the 
art appreciably. In 1908, Eiffel published his classical 
Le Resistance de |’Air, which is recommended to any 
student of aerodynamics as a primer. Work in theo- 
retical aerodynamics also was being carried on in Russia, 
outstandingly represented by Youkowsky. 

Suddenly, we had World War I and with it the ques- 
tion, “‘How are we going to use airplanes militarily?” 
The pressure of war brought many refinements, yet 
really no startling developments—with the possible 
exception of all-metal design. But it served to inten- 
sify the search for fundamental knowledge and estab- 
lish more firmly the various scientific disciplines serving 
aviation. Universities taught aerodynamics, struc- 
‘ures, and other subjects as related to aviation. The 
military services had well-established (though lean) 
plans for aviation. The NACA came to life, and, as 
the saying goes, we were in business. We didn’t make 
any money, progress wasn’t too startling, but even so, 
we reached the age of the all-metal stressed skin air- 
plane and the 400-500 hp. engine. 


Progress made 
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Edgar Schmued, an engineering and man- 
agement consultant, resigned in 1957 as Vice- 
President—Technical of Northrop Aircraft, 
Inc., 5 years after joining the West Coast air- 
frame manufacturing firm as Vice-President 
in charge of Engineering. Much of his early 
career was devoted exclusively to design and 
management, a field in which his interest is exten- 
sive. He was elected an IAS Fellow in 1955 and 
is a member of Aero/Space Engineering's 
Editorial Advisory Committee, serving on the 
Design, Structures, and Materials Panel. 


In the pre-World War II period, the NACA, univer- 
sities, and private firms with small wind tunnels slowly 
accumulated a substantial amount of sound knowledge, 
and at the beginning of the second ‘‘Great War’”’ the 
large steps of progress from the 1917-1918 period 
became apparent. We were technically and scien- 
tifically ready to face the challenge of a well-prepared 
enemy. 

Industry, as well as the Air Force, was now faced 
with a new problem which in the past was of relatively 
little significance. The management of enterprises 
which mushroomed in size more than twentyfold be- 
came a real challenge which even today is not com- 
pletely solved and, with the entry into the missile 
field and space technology, demands greater efforts 
and better methods if we are to be successful as a nation. 

I believe it was fortunate that the war did not enda 
few years later. It would undoubtedly have had an 
adverse effect because we would have had to enter the 
jet and missile age unprepared. Just how serious 
this might have been becomes apparent if we look at 
the time scale of our operational jet planes and missiles. 
It took almost 5 years after World War II before we 
had an operational jet capability, and more than 10 
years to have missile capabilities. Again, this may 
prove that sound scientific knowledge, engineering ex- 
perience, and manufacturing and operational know- 
how are required before success is to be achieved. 

While World War I served primarily to separate 
scientific fact from fiction, World War II found us 
scientifically much better equipped and subsequently 
enabled us to gain technical breakthroughs, particu- 
larly toward the end of the war, as—for instance—jet 
engines, radar, new and vastly more powerful weapons, 
and a great number of technical refinements in aefo- 
dynamics, structures, materials, and 
methods. 

We also learned to manage large plants, a great 
number of employees, enormous budgets, and produc- 
tion quantities. 
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A major change in this general pattern of experience 
came immediately after the war. With the entry of 
our industry into the missile field, the super- and pos- 
sibly hypersonic manned vehicle, and the coming ex- 
ploration of space, a new pattern of science, engineering, 
operation, manufacturing, and management emerged. 
What kind of pattern is this? Is it firm or in a state of 
flux? Can we learn from our past mistakes and apply 
this experience to the future? 

Again, World War I served to establish and confirm 
knowledge. No startling developments resulted which 
could not be fairly well predicted. 

World War II brought new knowledge, a number of 
breakthroughs, a good balance between engineering 
and manufacturing, the emergence of the electronics 
industry, the weapon system concept, bold weapons, 
and bolder thinking. 

At the beginning of World War II, engineering 
staffs were small, well seasoned, and trained for atten- 
tion to detail. Science played an advisory role. 

During the course of World War II, the influx of new 
manpower into our engineering departments degraded 
the attention to detail because the more experienced 
supervision was spread far too thin and eventually be- 
came overburdened with paper work. Some of the 
beginners had more up-to-date schooling which to 
some degree made up for lack of experience. In some 
cases they were so ignorant of the technical facts of 
life that they did not realize that certain things could 
not be done—and so they did them. 

During the war a substantial effort was made by Dr. 
von Karman to enlist the scientific community of this 
country into the war effort. Instead of being con- 
sultants, scientists became involved in research and 
development problems which led to great advances 
and breakthroughs and left their imprint on many 
technical developments. This was an important de- 
parture from the past and had a decisive effect on the 
postwar pattern of our industry. 

This event also created new problems for manage- 
ment and the interaction of science and industry which 
are far from being solved. 

The transition from aircraft to missiles in the in- 
dustry was a step from enlightenment to dark igno- 
rance. The ‘managements of those companies faced 
unknown problems and tried to solve them in a peculiar 
fashion by setting up missile divisions that were manned 
by technically competent but managerially inexperi- 
enced people. 

The large area of unknowns, coupled with lack of 
experience, magnified technical problems to such an 
extent that a great amount of time was lost and great 
sums of money wasted. The areas which were particu- 
larly sensitive were: 

(a) The conceptual approach. 

(b) State of the art. 

(c) Attention to the quality of details. 

(d) The haziness of the boundaries of breadboard, 
experimental, and production stages. 

(e) Environmental data. 


(f) Reliability and qualification procedures. 
(g) General design experience. 

(h) Test facilities, procedures, and instrumentation. 
(a) The conceptual approach in the missile field was 
hazy, uncertain, and groping, in contrast to the air- 
craft field which was direct, sure, and clear. 

The reason for this difference was primarily the 
difference in experience, design data, and judgment. 
Because proper allowances were not made for this dif- 
ference, a number of projects were started and often 
bogged down, were cancelled, or were completed too 
late to be useful. , 

The fateful lack of R&D funds has greatly con- 
tributed to unwieldiness of these contracts and curtail- 
ment of R&D efforts before production was con- 
templated. Too much breadboarding was carried into 
the R&D phase and even into the production stage 
with the inherent tendency to produce failures that 
could well have been predicted or avoided if better 
management, experience, less pressure, and more 
attention to details had prevailed. 

Airplanes, missiles, and space vehicles have many 
things in common as to basic structure, power plant, 
communication, control and guidance, ground-support 
equipment, etc. What makes these three so different 
is the great variation in the degree of the same state of 
the art which may differ in several orders of magnitude 
from one to the other. 

The most careful analysis of the problems involved 
is required, with the greatest attention to details; 
only a thorough knowledge of the environmental condi- 
tion can minimize the overall problem to such a degree 
that it becomes manageable. 

There is absolutely no room for expedient sloppiness, 
short cuts—involving risk in quality—or any second- 
rate effort. 

Better conceptual thinking will come with more ex- 
perience, better state of the art, and better knowledge 
of the environmental problems. 

(b) The development of state of the art can be 
brought about only by separating this phase from the 
system concept and by adequate funding, which is usu- 
ally hard to get unless it is tied to a weapons system. 
In all cases this stage of development should be done 
by firms that have a solid background of accomplish- 
ment. The reorientation of the Defense budget as 
far as R&D work is concerned may possibly solve the 
funding problem. 

State of the art developments that are tied to weapons 
systems suffer from lack of consistency and are often 
subject to excessive pressure. Also, because of the 
fact that a weapons system contract allows only a cer- 
tain portion for the development of components, a 
one-way approach is often mandatory although 
detrimental. 

(c) Attention to the quality of details is largely a 
matter of design, experience, and management. With 
proper emphasis from the Engineering top manage- 
ment, more attention to detail can be fostered and ob- 
tained. A better knowledge of the capability of the 
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available manpower will give supervision a substantial 
leverage in producing better details. Knowledge is ot 
little use here if it is not accompanied by a great deal 
of experience. 

(d) As previously pointed out, breadboarding should 
be confined to the early stage of verifying arrange- 
ments, and discarded conceptually as soon as proved. 
To avoid a carry-over of breadboard philosophy, it 
should be carried out by people not concerned with 
R&D and production concepts. At the end of the 
breadboarding phase, the physicist should stop and 
leave the actual design to the engineer. This rule is 
frequently violated and may result in serious defi- 
ciencies. 

(e) Environmental data must be gathered without 
guesswork. Every dollar spent in determining the 
environmental condition under which components will 
have to function saves ten dollars or more later on, 
not to mention the fact that careless assessment of the 
environment has resulted in the loss of million-dollar 
hardware due to the failure of a ten-dollar item. 

Here again, the lack of adequate R&D funding and 
excessive optimism of what can be done by assuming 
conditions that should have been experimentally estab- 
lished are to a large degree to blame for great losses in 
time, money, and progress. 

The realization of these facts has only lately gained 
enough recognition to influence materially some of the 
later projects for the better, but much more must be 
done before we really get to the core of the environ- 
mental problem. 

Many more simultaneous environmental tests must 
be made, instead of testing for individual conditions. 

When this phase has had a thorough evaluation, 
let us consider the following: 

(f) Reliability and qualification procedures which 
must be established and which have the same meaning 
to everyone concerned. The worst confusion exists at 
this time when the term “‘reliability”’ is used. 

There is far too much reliance on statistical evalu- 
ation without defining and determining the meaning 
of the statistics. The term ‘“‘mean time to failure’ is 
almost meaningless unless the frequency of the failure, 
the degree of failure, and the reason for failure are 
known. Under certain circumstances, the number of 
samples is too small and the cause of failure too difficult 
to define to have any statistical value. 

The frequency of stop and go and the operational 
requirements of possibly a low-level activity for quick 
warmup or a high-level continuous function, or oper- 
ation, will require a substantial amount of work before 
they may become part of a statistical exercise. Entirely 
too much credence is placed on such data without look- 
ing at the hardware at the same time. Closely linked 
to the foregoing are qualification tests. A thorough 
understanding of the environment is necessary before 
any qualification testing can be conducted. Unless a 
large number of samples are to be tested, it is necessary 
to test for more severe conditions to establish the mar- 
gin of quality. Many devices today—although passing 
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qualification tests—are marginal, and the worst of it is 
that the margin of quality is unknown. Again, I must 
point out that quality is a design problem first and 
last. Inspection measures only interpretation of a 
design drawing by the shop. The quality of the design 
is determined in Engineering, which brings us to the 
influence of general design experience in the life of a 
product. 

(g) Because of the great demand for technical gradu- 
ates, the experience level has come down. This puts 
a particular burden on supervision. Unfortunately, 
some of the most experienced design people are now 
engaged in extensive paper work, administrative 
problems, company meetings, and traveling. The 
demand of the customer to send only technically com- 
petent people to meetings, briefings, and discussions 
has further aggravated the supervisory problem and 
greatly reduced the time which a supervisor may spend 
with his designers. To raise the quality of design de- 
tails, something must be done to keep the most experi- 
enced design engineers in closer contact with technical 
problems. Many committees could be abolished by 
placing an individual in charge of a function and 
holding him responsible. 

Committees do not solve problems; they are a crutch 
or an aspirin. The poorer the management, the more 
committees you will find. Free your design people 
from committees by managing better. Similarly, it 
is a management responsibility to regulate traveling 
so that for any little brush fire the most valuable people 
are not used as a bucket brigade. 

It is high time that our industry begin to understand 
that the only thing which brings contracts is technical 
competence, and such competence can be created only at 
the designer’s board and nowhere else. Increase super- 
vision if all else fails—it is the cheapest way to better 
details. 

(h) Much can be said about test facilities, procedures, 
and instrumentation. They are the most essential 
tools in determining the environmental conditions, and, 
without knowing those, it is impossible even to plan a 
qualification test facility. In many cases, the test 
facilities required to test for proper environment were 
commercially unavailable and had to be built to speci- 
fication at great cost (mostly not anticipated nor 
contractually covered), loss of time, and schedule 
slippage. In other cases, completely new methods of 
instrumentation had to be developed. Lack of fore- 
sight to tackle these problems—early in the game— 
led to costly failures, cancellation of contracts, and loss 
of good will. Many new testing procedures must be 
developed without which the best testing equipment 
and instrumentation is useless. 

Despite waste, lack of understanding, lack of funds, 
poor management, ‘and unjustified optimism, many 
substantial achievements have been made. The saner 
part of our scientific and engineering population should 
take credit for that. More than ever before, we must 
keep our feet on the ground and our heads out of the 
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‘**A manned earth satellite having a perigee . . . of approximately 
500 nautical miles could be equipped with a compact escape capsule 


capable of safely returning a man to the earth’s surface from any point 


in the satellite’s trajectory or orbit. 


This could be accomplished with what we know today... . 
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Crew Escape From Space Vehicles— 


and Survival 


Hugo F. Mohrlock and Earl A. Kops 


Convair (San Diego) 
A Division of General Dynamics Corporation 


ee SAFETY of today’s aircraft is im- 
pressive when compared with that of the early ‘‘kites”’ 
that first lifted man into powered flight 50 years ago. 
Those early pioneers, however, were more concerned 
with performance than with safety. This, of course, was 
a necessity, for, if the early “‘birds’’ had been saddled 
with a heavy escape system, they simply would not 
have gotten off the ground. 

It was long after the development of the airplane 
itself that the pilot was first provided with a parachute 
as a means of escape from his disabled craft. If failures 
occurred, the pilot could stay with the aircraft and 
usually make a safe emergency landing. 


Space Escape Difficulties 


Beyond the atmosphere, an unusual set of require- 
ments prevail for escape and survival. In space, stay- 
ing with the parent vehicle will not assure you of a safe 
return to earth if the craft becomes disabled. As an 
example, a trip to Venus, which would take 145 days 
on the most economical path, would require power 
application at the beginning and again at the end of 
the journey in order to match speed with the orbital 
speed of Venus. (Another small application of power 
at mid-journey would be required to correct for the 
inclination of the orbit of Venus with the earth’s orbit.) 
If the power plant failed when speed matching was re- 
quired, the spacecraft would pass Venus and swing 
back toward the earth’s orbit, and 290 days after de- 
parture would be back to its point of origin. Unfor- 
tunately, by that time the earth would be far away from 
this point in its orbit. The spacecraft would continue 
in its elliptical orbit five times around the sun before 
it came near the earth again—a process that would 
take 4 years. 


Proposed Methods of Rescue 


Two basic methods of space rescue have been con- 
sidered—one, to provide rescue by another vehicle; 


Hugo Mohrlock has recently been promoted 
to Assistant Project Engineer (Design and 
Development) in the F-106 Project Office at 
Convair (San Diego). In his former capacity 
of Design Group Engineer, he was in charge 
of the Convair design assignment when that 
company was chairman of the Industry Crew 
Escape Systems Committee to develop an 
upward ejection system. Having been active 


in designing these systems during the last 8 
years, he has turned his attention in this article 
toward space escape and the difficulties it 
will present. 


Twenty years’ experience in the aircraft in- 
dustry has provided Earl Kops, Engineering 
Design Specialist at Convair (San Diego), with 
the background for coauthoring this article on 
space escape. During the last 5 years, Kops 
has worked on pilot escape systems, seats, and 
survival equipment for advanced aircraft and 
space vehicles. Prior to joining the Furnishings 
Group, he was with the Engineering Test 
Laboratories where he was in charge of con- 
ducting escape system tests and sled testing. 
During the early development of the Atlas 
missile, Kops was in charge of that missile’s 
fuel, oxidizer, and pressurization systems 
tests. 


the other, to provide an independent escape vehicle 
within the spacecraft. 

To launch a rescue vehicle successfully, effect a rescue, 
and return to earth would require at least the following: 

(1) Development of a Space Guard (much like the 
present Coast Guard). 

(2) Capability of signalling an S.O.S. (a disabled 
craft might be incapable of this). 

(3) A spacecraft still sufficiently intact to permit 
survival until the rescue vehicle arrived. 

(4) An extremely precise technique of tracking and 
intercepting the disabled craft. 

(5) Time to complete a rescue (it could take months, 
even years). 

Considering all these factors, an attempt to rescue 
the crew from a disabled spacecraft in some remote 
section of the solar system begins to appear hopeless. 
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Fic. 3. Sectional view of escape vehicle. 
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And even in the event that someday space rescue does 
become feasible, we will still need an independent 
escape vehicle to provide crew protection for drastic 
spaceship failures. 

Thus, it is apparent that each spaceship should be 
self sufficient in terms of meeting space emergencies, 
The solution is an escape vehicle—a ‘“‘spaceship within 
a spaceship.”’ 

Such a vehicle must provide propulsion means to 
permit kinematic energy changes. Without this, it 
might become a permanent satellite or continue off 
in space aS a man-made asteroid destined to circuit 
the sun. Kinematic energy changes are not confined 
solely to changing orbits to permit falling toward some 
nearby planet. Assuming the escape vehicle has been 
propelled into a revised space vector to intercept a 
habitable planet, preferably the earth, means must be 
provided for dissipating the intercept energy prior to 
ground contact, for the energy involved in bringing an 
object back from space is equal to that involved in 
putting it there in the first place. Fantastically large 
amounts of energy may be involved. 

Rocket propulsion as we know it today is far too in- 
efficient to permit burdening a space vehicle with an 
escape system equal in performance to the parent 
vehicle itself, although development of new propulsive 
means such as atomic power may take care of this in 
the near future. 

The many problems of crew escape and rescue far 
out in space constitute a curious and fascinating sub- 
ject, though to go into it deeply would require much 
more space than this article permits. It seems oppor- 
tune at this point to mention that crew escape pro- 
visions are not necessarily required only for emergency 
escape from a disabled parent craft. Return of an 
individual crewman to the earth may be required, as 
an example, for medical care. In addition, when the 
mission of the spacecraft crew has been completed, it 
would be economically desirable to return the crew 
and allow the parent craft to remain in orbit around the 
earth. It would be possible in this manner to create 
a space “‘stock-orbit” of miscellaneous vehicles and 
equipment for the use of future space travelers. 


Man’s early flights into space will no doubt be by 
minimum energy rocket orbits comparable to the 
satellites already launched from the earth. Let us, 
therefore, consider the problems concerned with this 
elementary space flight, and study an escape system 
to serve this particular situation. The Industry Crew 
Escape Systems Committee (ICESC) ‘B”’ seat de- 
veloped by Convair (San Diego) is presently capable 
of performance at dynamic pressures up to 2,500 lbs./ 
ft.2. While this is certainly not its maximum potential, 
this value was used as one of the performance envelope 
limits for Fig. 1. Admittedly this envelope is some- 
what arbitrary and conservative, but, when we com- 
pare it with the hypothetical spacecraft mission profile 
of Fig. 2, we realize that conservatism in the seat 
envelope is of little real significance. In the earth’s 
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atmosphere, an escape vehicle capable of much greater 
performance is certainly required. 


The Miniature Escape Vehicle 


A manned earth satellite having a perigee (closest 
approach) of approximately 500 nautical miles could 
be equipped with a compact escape capsule capable of 
safely returning a man to the earth’s surface from any 
point in the satellite’s trajectory or orbit. This could 
be accomplished with what we know today, and one 
of these capsules would be provided for each crew 
member. The parent vehicle or spaceship could in- 
corporate these escape capsules in flush-type wells or 
as appendages if external cleanness is unimportant. 
Several of the features of the ICESC ‘“‘B”’ seat which 
was mentioned above have been retained in the new 
escape vehicle, the foremost being the rocket for chang- 
ing our space vector and the stabilizing booms which 
compare to the stabilizing stick on a 4th of July sky- 
rocket. These booms, shown in Fig. 3, provide ex- 
cellent stability over an extended speed range. 

Separation from the parent vehicle would be by ballis- 
tic charges to actuate a disconnect and impart a small 
separation velocity. Immediately upon separation, 
the stabilizing booms will automatically extend (bal- 
listically powered) and the stabilizing gyros will be 
accelerated up to speed. Two gyros are planned and 
will be mounted parallel and rotated oppositely up to 
full r.p.m. thus imparting no reactions on the escape 
capsule. When at full r.p.m., the two gyros will be 
rotated relatively to a 90-deg. skewed axis relationship. 
This gyro package can resist rotational forces applied 
and can thereby bring the capsule to a stationary non- 
tumbling attitude. The occupant can then orient the 
capsule to any desired attitude by these same gyros. 

A small amount of rocket power directed properly 
to alter the orbit of the escape vehicle could drop the 
perigee into the atmosphere sufficiently so that aero- 
dynamic drag would dissipate the orbital energy. 
Retrorocketing to slow down the capsule should be 
accomplished at apogee to permit antipodal entry into 
the atmosphere at perigee. Hypergolic rocket fuels 
would be used to permit intermittent rocket operation. 
After orienting the capsule for retrorocketing, a short 
rocket burst would be applied to test the rocket direc- 
tion. If the thrust was not sufficiently close to the 
c.g., an attitude change would result. The occupant 
could adjust for rocket direction and test again. When 
the thrust direction is close enough through the c.g. 
that the gyros maintain the proper attitude to the 
capsule, the balance of the rocket thrust can be applied. 
An escape vehicle 500 nautical miles above the earth at 
perigee requires less than 1/3 g deceleration for 70 sec. 
(at apogee) to initiate re-entry from orbit. If we as- 
Sume an escape vehicle gross weight of 600 Ibs., this 
power could be provided for less than 60 Ibs. 

A period of waiting follows until perigee is reached. 
The occupant orients the vehicle for entry into the 
atmosphere and deploys a small drag chute. This drag 
chute will supply directional stability in the rarified 


upper atmosphere until dynamic pressure builds up to 
the point at which the stabilizing booms are effective. 

Once we have entered the earth’s atmosphere, the 
aerodynamic drag will accomplish the remaining de- 
celeration. The objective in this phase is to reject 
the heat into the atmosphere rather than absorb or 
dissipate it. By providing a thin heat shield (thereby 
a small heat sink), stabilization temperatures will be 
quickly reached and further heating will be imparted 
to the impinging and ambient air. Immediately inside 
the heat shield is a substantial insulator, and inside: this 
is a thin water jacket. The small amount of heat that 
does pass inward is dissipated by boiling the jacketed 
water. Temperature is controlled by regulating the 
boil-off pressure. Local hot spots (corner of the forward 
face of the heat shield) will be reinforced with ablating 
material to ensure overall shield integrity. The small 
drag chute deployed prior to entering the atmosphere 
will burn off during this heating phase. However, the 
stainless steel booms will provide directional stability 
until the main parachute is deployed. 


UPPER ATMOSPHERE SS 
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Fic. 4. Re-entry and recovery sequence. 
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Deceleration during the prolonged aerodynamic drag 
phase will not induce excessive accelerations on the 
occupant if proper body positioning and support are 
provided. 
tour support, the occupant will be provided with an 
anti-g suit, automatically controlled for varying accel- 
erations. 
devised and would provide protection for accelerations 


In addition to providing a full body con- 


Some new and quite novel g suits have been 


many times as severe as our occupant will experience. 

In the final phase of re-entry and descent to the 
earth’s surface, a terminal velocity of less than 200 
m.p.h. indicated airspeed is attained. Deployment 
of the main parachute is automatically instigated at 
20,000 ft. altitude. Velocity at with the 
ground or water is estimated to be 25 ft. per sec. A 
reserve parachute for landing is provided and simply 
supplements the main parachute in the event of its 
failure. 

It is most probable that a landing would occur in 
water, and ultimate rescue would be dependent on 
survival for several hours or perhaps days. Flotation 


impact 


+ 


Technical Management (Continued from page 78) 


bags are provided and can be inflated by a COs: bottle 
or by a hand pump. With the bags inflated, the 
occupant can open the hatch and climb out, or he cag 
open an air vent and remain essentially sealed in. A 
small emergency radio or beacon would be provided to 
aid rescue. 

The sequence of events as described originated from 
Equally successful crew 
escape can be accomplished during any other phase 
of the satellite’s mission, including the initial part of 
the launch. 


a satellite while in orbit. 


Conclusion 


While it is not intended to launch a manned space 
vehicle wherein safety is a question, nevertheless each 
With this 
in mind, we have attempted to develop a method of 
rescue suitable for these early orbital ventures. The 
“pocket-sized spaceship” seems to be the most feasible 
answer to the problem of bringing man safely back to 
earth from a spacecraft. 


beginning into a new era involves hazards. 


clouds. For inspiration we have the funnies, Jules 
Verne, science fiction, and other worthy publications. 
Not so long ago, before we suspected the existence of a 
dangerous layer of radiation, many—not only science 
fiction writers but some experts—pushed very hard 
for a missile-firing station on the moon. This type of 
imagination can only be detrimental; it shows the 
area where we can fritter away hundreds of millions 
of dollars and the valuable time of irreplaceable expert 
talent. It looks as if the saying ‘““Why make it simple, 
if you can make it complicated ?”’ is gaining headway. 
We know quite a bit about missiles by now, and our 
technical competence has greatly improved by our 


understanding the problems better. I hope we do not 


go down the same painful road of experience when we 
design space vehicles. It seems at this moment that 
we have not learned too much. The picture is not 
too encouraging since every little group of interests 
has its own specific solution. Enthusiasm is a fine 
thing if it is backed by knowledge and sound judgment. 


Some are going to use the stars for reference, some 
must have gyros when traveling in space—just as a 
number of pet solutions exist for re-entry problems. 


In closing, I would like to suggest that we make more 
of an effort to know the problems better. Let us do 
more and better research work this time, and pay 
attention to details. 
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The AiResearch Centralized Air Data 
Computing System will sense, measure 
and automatically correct for air 
parameters affecting flight of the North 
American-Air Force F-108 Interceptor 
and will supply simplified air data to 
the pilot. Eliminating duplication of 
components, the system will cut down 
space and weight requirements over 
decentralized systems by many times. 

The centralized combination of 
transducers, computers and indicators 


THE 


Also 
latest data 
control concepts 


for missile and 


undersea applications 


represents an integrated system con- 
cept combining electrical, electronic, 
pneumatic, hydraulic, electro-mechan- 
ical and mechanical servo capabilities. 
Technical experience in each of these 
fields enables AiResearch to achieve 
optimized systems covering a wide 
range of functions while meeting the 
most rigid specifications. Systems man- 
agement is an integral part of each 
Central Air Data program enabling 
AiResearch to assume the overall re- 


sponsibility for systems or subsystems. 

The first fully optimized central air 
data system is already operational 
aboard the Navy’s supersonic F4H-1, 
the first aircraft to fly with such a 
system. Similar equipment is on the 
Navy’s first weapon system, the A3J 
“Vigilante.” This broad AiResearch 
systems capability is now being ap- 
plied in the fields of military aircraft. 
commercial jet transports, missiles 
and submarines. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Missile men estimate... 


: EVERY POUND SAVED 


IN THE 3" STAGE 


Investigate TANIUM / As missiles extend 


their range and speed, weight-saving becomes an 
increasingly critical design consideration. 

Take rocket cases, for example. In the third stage 
—where the exchange ratio is very high—it is esti- 
mated that every pound of weight saved adds 10 
miles’ extra range. 


This is where titanium and its alloys can give de- 
signers, and missiles, a big boost. For titanium can cut 
weight up to 57% over alloy steels. And new titanium 
alloys produced by Mallory-Sharon now provide 
welded strength/weight ratios close to 1,000,000! 


For rocket cases as well as other missile compo- 
nents—cryogenic vessels, pneumatic and hydraulic 
lines, forged fittings and many other production 
parts—investigate titanium! As a leader in titan- 
ium and special metals technology, our Service 
Engineering group is ready to provide you with 
technical information, application assistance, or 


help on fabrication problems. 
am — 
Production parts 


Rocket cases Cryogenic vessels 


MALLORY MS SHARON 


MALLORY-SHARON METALS CORPORATION - NILES, OHIO 


t Integrated producer of Titanium: Zirconium: Special Metals 


| 
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NOTABLE ACHIEVEMENTS AT JPL... 


PIONEERING IN 


LIQUID PROPULSION SYSTEMS 


From the first hypergolic system used 

as a jet-assisted takeoff for airplanes to the 
first tactical guided ballistic missile system, 
the Jet Propulsion Laboratory 


continues to be an active pioneer 


Months before Pearl Harbor, JPL had 
tested America’s first liquid rocket en- 
gines using spontaneously igniting pro- 
pellants. By April 1942, a simple nitric 
- acid-aniline propulsion system was de- 
signed into and successfully tested in 
an A-20-A Bomber for a jet-assisted 
takeoff. For high-altitude atmosphere 
research purposes, JPL then used the 
hypergolic liquid rocket system in the 
WAC CORPORAL. Placed as a second 
stage on a V-2 rocket, this became the 


BUMPER WAC rocket that established 
a World's altitude record of 242 miles 
in February 1949. 

At the request of U.S. Army Ordnance, 
the Jet Propulsion Laboratory now began 
to develop a long-range guided ballistic 
missile system, incorporating the 
proven, smooth-burning light-weight 
acid-aniline system. These achievements 
sparked the development of a whole 
series of rocket vehicles. In 1954, the 
Army accepted the JPL developed COR- 


PORAL, which became America’s first tac- 
tical guided ballistic missile system; its 
accuracy exceeded design requirements. 
Under the direction of the National 
Aeronautics and Space Administration, 
the experienced Jet Propulsion Labora- 
tory research and development team is 
now working on storable, high-perform- 
ance hypergolic liquid propulsion sys- 
tems with which space vehicles may 
soon orbit the moon and planets. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility of the National Aeronautics‘and Space Administration 


OPPORTUNITIES NOW 
OPEN IN THESE FIELDS 


APPLIED MATHEMATICIANS - 


PASADENA, CALIFORNIA 


PHYSICISTS - 
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... current literature of aeronautical engineering and space technology 


Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
stracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the principal periodicals re- 
ceived in the IAS Library is published 
annually in the January issue. 


The AEro/SpACE ENGINEERING INDEx, 
formerly the AERONAUTICAL ENGINEERING 
InpEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


Acoustics, Sound, Noise. . . 
Aerodynamics, Fluid Mechanics 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 


the Library. 
LENDING Services: Institute 
members, both Individual and 


Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as a 
service, positive photocopies of 
certain materials in its collections. 
Rates on request. 


‘ For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 
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Subject Index to Periodicals & Reports 
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Performance..... 
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Airplanes 
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Aviation & Space Medicine......... 


Human Engineering............. 
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Magnetic Devices. 
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Acoustics, Sound, Noise 


The Effects of Constant-Pressure Sound Fields 
on Free-Convection Heat Transfer from a Hori- 
zontal Cylinder. J. P. Holman and T. P. Mott 
Smith. J. Aero/Space Sci., Mar., 1959, pp. 188 
189. Discussion of the quantitative influence of 
strong sound fields on heat transfer 

Geluidsbestrijding bij Straalmotoren. Avia 
Viiegwereld, Sept. 25, 1958, pp. 598, 599. In 
Dutch. Discussion of the problem of jet power 
plant noise and its suppression. 


Aerodynamics, Fluid Mechanics 


Aerothermodynamics 


On Similitude in Rarefied-Gas Aerothermody- 
mamics. F. M. Devienne. J. Aero/Space Sci 
Mar., 1959, pp. 183, 184. 

Les Echanges Thermiques dans les Vols a 
Hautes Altitudes. Brun. Tech. & Sci. Aéro 
nautiques, Apr., 1958, p. 63-65. In French 
Further discussion on heat exchange in high-al 
titude flight The meaning of the Knudsen 
Number is explained in relation to the type of 
aerodynamic regime; its relation to the Reynolds 
Number is deduced as an example using Tsien’'s 
diagrams. 

A Shock Tube Investization of Heat Transfer 
in the Wake of a Hemisphere-Cylinder, with Ap- 
plication to Hypersonic Flight. W. E. Powers 
K. F. Stetson, and M. C. Adams. JAS 27i/ 
Annual Meeting, New York, Jan. 26-29, 1959 
Rep. 59-35. 19 pp. Members, $0.50; non 
members, $1.00. USAF-supported study 

Theoretical Analysis of the Heating of a Com- 
“sae Slab, with Applications to the Kinetic 

eating of an Aircraft Wing. Appendix | 
Solution of the Heat Flow Equations for a Com- 
posite Slab. Appendix II—Temperature Dis- 
tribution with the Heat Capacity of the Insulation 
Neglected. Appendix III—Schematic Repre- 
sentations of the Deuce Programmes. E. C 
Capey and K. I. McKenzie. Gt. Brit., ARC CP 
412, 1958. 28 pp. BIS, New York, $0.81 


Boundary Layer 


Critical Remarks on the Thickness of Bynemic 
and Thermal Boundary Layers. H. J. Merk 
Appl. Sci. Res., Sect. A, No. 1, 1958, pp. 100 103 


The Stagnation-Point Boundary Layer on a 
Rotating Hypersonic Body. S. M. Scala and J 
B. Workman. J. Aero/Space Sci., Mar., 1959, p 
183. Presentation of results of an investigation 
into the eftects of spin on the hypersonic laminar 
boundary layer. 


Die aussere Randbedingung der Grenzschicht- 
Differentialgleichung. K. Nickel ZAMM 
Sept.-Oct., 1958, pp. 400, 401 In German 
Calculation of the external boundary conditions 
in boundary-layer differential equations 

The Role of Unit Reynolds Number in Bound- 
ary-Layer Transition. J. D. Whitfield and J 
L. Potter. (USAF AEDC TN 58-77, Sept 
1958.) J. Aero/Space Sci., Mar., 1959, pp. 186 
187. 

Laminar Boundary Layer Development Behind 
Shock Waves in Argon. R. E. Duff. Phys 
Fluids, Nov.-Dec., 1958, pp. 546, 547. Presen 
tation of solutions for initial conditions corre 
sponding to shock waves of several strengths in 
argon by the use of an analog computer. 

Laminar Flow. Handley-Page Bul., Winter 
1958, pp. 24-26. Discussion covering design 
problems of aircraft with boundary-layer control 
for maintaining laminar flow, and evaluation of 
the technique for drag reduction and improved 
engine efficiency. 

A New Solution to the Laminar Boundary 
Layer Equations. H.A. Hassan. J. Aero/Spac« 
Sci., Mar., 1959, pp. 189, 190. Presentation of a 
power-series solution for a class of outer pressure 
distributions not covered by Gértler 

Vliianie Poperechnoi Krivizny Poverkhnosti na 
Kharakteristixi Osesimmetrichnogo Turbulent- 
nogo Pogranichnogo Sloia. A. S. Ginevskii 
and E. E. Solodkin. Prikl. Mat. i Mekh., Nov 
Dec., 1958, pp. 819-825. In Russian. Deriva 
tion of an approximate solution for the problem 
j of axisymmetric turbulent boundary layer on 
| concave and convex surfaces, taking into account 
the longitudinal pressure gradient and the trans 
versal surface curvature. 


Flow of Fluids 


Potentsial’nye Ustanovivshiesia Reliativistskie 
Techeniia Gaza. F. I. Frankl’. AN SSSR 
Dokl., Nov. 1, 1958, pp. 47, 48. In Russian 
Study of the general case of a spatial, steady, po 
tential relativistic flow of gas and, in particular 
the case of an ultrarelativistic gas. 

A Note on the Skin-Friction Coefficient for 
Compressible Couette Flow. R. M. Inman 
J. Aero/Space Sci., Mar., 1959, p. 182. 

An Exact Solution of the Navier-Stokes Equa- 
tions. H.E.Hunter. J. Aero/Space Sci., Mar., 
1959, pp. 181, 182. Generalization of the exact 
solution of the Navier-Stokes equations presented 
by Chester to include all values of y. 
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On an Initial Value Problem Concerning nates 
Instability of Incompressible Fluids. G. 
Carrier and C. T. Chang. Quart. Appl Siath.. 
Jan., 1959, pp. 436-439. Application of the 
Bellman-Pennington treatment of Taylor in 
stability to the initial value problem in which the 
motion starts from rest Although the algebra 
becomes more complicated, the linearized analysis 
suffices. 

Viscous Flow Round a Sphere at Low Reynolds 
7 pony wo (<40). V. G. Jenson Royal Soc. 

London) Prov , Ser. A., Jan. 13, 1959, pp. 346 
386. 15 refs. Presentation of results in the 
form of stream function and vorticity distribu 
tions, from which pressure distributions, velocity 
distributions, and drag coefficients are calculated 

Obtekanie Profilia v Sverkhzvukovom Stes- 
nennom Potoke. M. PD. Khaskind and V. S 
Khomenko Prikl. Mat. i Mekh., Nov.-Dec., 
1958, pp. 815-818. In Russian. Study of the 
nonlinear two-dimensional problem of steady 
supersonic flow of isentropic gas around an airfoil 
profile having a sharp leading edge 

Calculation of Unsteady at og Flow Past 
a Circular Cylinder. M Evans and F. H 
Harlow. ARS J., Jan., 19% 59. pp. 46-48. Applica 
tion of a numerical calculation method for the de 
termination of two-dimensional, transverse flow 
pattern. Data are presented on the lateral prop 
agation rate of disturbance, the development of 
detached shock, stream and streak lines, as well 
as on the drag and isopycnics 

Berikning av Tredimensionell Kompressibel 
Underljudsstrémning Kring Rotationshalvkropp 
utan Anfallsvinkel. S.-A. Norland. SFA L6, 
May 20, 1958. 16 pp. In Swedish. Calcula- 
tion of the three-dimensional compressible sub- 
sonic flow around shells of revolution at incidence. 


An Experimental Investigation of Sting-Sup- 
port Effects on Drag and a Comparison with Jet 
Effects at Transonic Speeds. M.S.Cahn. U.S. 
VACA Rep. 1353, 1958. 32 pp. Supt. of Doc.. 
Wash., $0.35. 

An Example for the Practical Calculation of 
Supersonic Flow Fields Past Oscillating Bodies 
of Revolution by a Method Due to Sauer. Johann 
Muench. Munich U. TN 5 (AFOSR TN 58 
881) [AD 203907), Aug. 4, 1958. 16 pp 

Correlation of Base Pressure and Wake Struc- 
ture of Sharp- and Blunt-Nose Cones with Rey- 
nolds Number Based on Boundary-Layer Mo- 
mentum Thickness. R. Lehnert and V. L. 
Schermerhorn. J. Aero/Space Sci., Mar., 1959, 
pp. 185, 186. Experimenta! investigation and 
calculation of the boundary-layer development 
along the cone surfaces 


Experimentelle Untersuchung iiber harmo- 
nische Schwingungen in rotierenden Fliissig- 
keiten. Hansjérg Oser. ZAM M,Sept.-Oct., 1958, 
pp. 386-391 In German. Investigation of the 
characteristic lines produced in a uniformly ro- 
tating nonviscous incompressible liquid by forced 
small harmonic oscillations. The observed 
phenomena agree with theoretical predictions 


Magnetohydrodynamics Opens Up New Elec- 
tronic Vistas. Irwin Stambler. Space/Aeronau- 
Jan., 1959, pp. 28-36. Discussion of current 
research in developing magnetic power plants for 
spacecraft, controlling fusion reactions, control 
ing re-entry heat-transfer rates, and application 
plasma jet to metal cutting and flame-spray 
ating. 


"Application of the Hypersonic Similarity Rule 
to Conical Flow of Dissociated Air. M. F. Ro- 
mig. (Convair Sci. Res. Lab. RN 14, Jan., 1958.) 
fero/Space Engrg., Mar., 1959, pp. 56-59, 75 
10 refs 


On the Theory of Diffusion Oscillations in a 
Gas Discharge Plasma. O. V. Prudkovskaia 
S Phys.-Dokl., Nov.-Dec., 1957, pp. 521-524. 
rranslation. 

Collective Oscillations in a Cold Plasma. P 
I Auer, H. Hurwitz, Jr., and R. D. Miller 
Phys. Fluids, Nov.-Dec., 1958, pp. 501-514 
Analysis of the collective motions of a fully ion- 
ized cold plasma in a uniform external magnetic 
field, using small amplitude theory 


Gaz Raréfié Electrisé dans un Champ Magné- 
tique. II-—-Champ de l’Intensité du Flux des 
Particules. III—Gaz Compris Entre Deux 
Parois Planes Identiques et Paralléles. M.tLunc 
and J. Luboriski. Acad. Pol. Sci. Bul., No. 5, 
1958, pp. 255-260. In French. Study covering 
. e case of a rarefied gas in a magnetic field, in 

luding (a) the intensity distribution of the elec 
trified particle flux and (b) the flow of gas be 
tween two identical and parallel plane walls 


Transport and Thermodynamic Properties in a 
Hypersonic Laminar Boundary Layer. I-——Prop- 
erties of the Pure Species. S. M. Scala and Ch 
W. Baulknight. (G-E MOSD TIS 58SD232, 
Apr. 25, 1958.) ARS J., Jan., 1959, pp. 39-45. 

refs 


A Note on Blast-Wave Theory. Harvey Ein 
xinder. J. Aero/Space Sci., Mar., 1959, pp. 191, 
192. Study showing some of the consequences 
that can be derived from Kubota’s analytic solu 
tion 


The Structure of a Hydromagnetic Shock in 
Steady Plane Motion. G. S.S. Ludford. (U 
Md. Inst. Fluid Dynamics & Appl. Math. TN 
BN-131, Apr., 1958.) J. Fluid Mech., Jan., 
1959, pp. 67-80. 
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On the Existence of Recombination Shock 
Pg Feldman. Phys. Fluids, Nov. Dec., 195%) 

546. Analysis considering a stream tube nearg 
all for a Prandtl-Meyer expansion of a high: 
temperature dissociated gas. Using a method 
developed by Chu, it is found that the calcula 
tions show the coalescence of characteristics com: 
ing from the wall into a shock. 


Induced Nonuniform  Obligy 
Shoc J. O. Erkman Phys. Fluids, New 
Dec., ak pp. 535-540. 11 refs. Army-supa 
ported calculation of intensity and duration 9 
explosively induced nonuniform oblique shocks jg: 
aluminum and copper by use of the method of 
characteristics Cases involving supersonic flog 
both in the metal and in the explosive gas are 
studied. 

Measurement of the Reflected Shock Hugoniot 
and Isentrope for Explosive Reaction Products, 
3. Deal. Phys. Fluids, Nov.-Dec., 1958, p 
527 10 refs Investigation measuring re 
shock velocity or the free-surface velocity as q 
function of shock travel in the inert material. 

O Nekotorykh Svoistvakh Osesimmetrichnykh 
Sverkhzvukovykh Techenii Iu. D. Shmyg- 
levskii. AN SSSR Doki., Oct 1958, pp. 782- 
784 In Russian of certain 
properties of axisymmetric supersonic gas flows 
defined by a given characteristic of the first set 
of curves and the generatrix of the body of reyo. 
lution 

Priblizheanoe Analitischeskoe Predstavienie 
Ploskikh Sverkhzvukovykh Techenii Gaza, 
O. S. Vorob’ev AN SSSR Dokl., Oct. 11, 1958, 
pp. 778-781 In Russian Development of a7 
procedure for the approximate analytical repre 
sentation of two-dimensional supersonic gas flows, 
including solution of specific boundary problems, 

An Application of the Weber-Orr Transform 
to the Problem of Transonic Flow Past a Finite 
Wedge in a Channel. J. B. Helliwell. (Cam 
bridge Philos. Soc. Proc., July, 1958, pp. 391- Se 
Royal Coll. Sci. & Tech. Dept. Math. TN 
(AFOSR TN 58-1037) [AD 206486], July, 1958 
5 pp. Reprint. 

Space-Time Correlations in Stationary Iso 
tropic Turbulence. G. Miinch and a 
Wheelon Phys. Fluids, Nov.-Dec., 1958, 
462-468. Study of the space-time variation 
the turbulent velocity field as a basis for radio.) 
wave propagation studies. The correlation be 
tween Fourier velocity components at the wave 
number & and two instants separated by a time 
7 is investigated for a homogeneous, isotropic,] 
and stationary turbulent field. 

The Lattice Structure of the Finite-Difference 
Primitive and Vorticity Equations. G. W. Platz 
man. Mo. Weather Rev., Aug., 1958, pp. 285-2928 
Study of the lattice structure establishing a for 
mal equivalence between the central- difference 
vorticity and primitive equations. It is shown 
that exponential instability previously found te 
result from certain types of boundary conditions ’ 
is suppressed by applying these conditions in 
such a way as to avoid coupling the lattices. 


Internal Flow 


Badania Strat Przeplywu w Palisadzie Ztotonej 
z Krétkich Lopatek Turbinowych. Josef Smigiel- 
ski and Halina Rutkowska. Arch. Budowy 
Massyn, No. 3, 1958, pp. 241-262. 15 refs. In 
Polish, with summaries in E nglish and Russian 
Investigation of flow losses in a cascade con 
sisting of short turbine blades. 


Quelques Remarques sur le Développement des 
Compresseurs Axiaux Transsoniques. Pierre 
Schwaar. Tech. & Sci. Aéronautiques, June, 
1958, pp. 123-127 In F rench. Discussion of the 
development of transonic axial compressors 
including a comparison between classical sub- 
sonic and hypothetical transonic axial-flow com 


pressor stages. A tentative qualitative analysis 

is made of the transonic behavior of a two-dimen- 

sional cascade 
Nowa Metoda Obliczania Przeptywu Przez 

Wieniec Maszyn Wirnikowych. Bohdan Krajew , 

ski. Arch. Budowy Maszyn, No. 3, 1958, pp. 2638 


291. In Polish, with summaries in English and 
Russian. Development of a method for cal 
culating the compressible nonviscous flow in an 
axisymmetric system 

O Primenenii Metoda Osobennostei k Ras- 
chetu Techenii Zhidkosti v Radiil’no-Osevykh 
Turbinakh. S. V. Vallander. AN SSSR Dokl 
Nov. 21, 1958, pp. 413-416. In Russian. Ap 
plication of the method of characteristics to the 
calculation of flow of liquids in radial axial tur- 
bines. 


The Calculation of the Volute Cross Section ofa 
Centrifugal Pump to Obtain a Constant Pressure 
Distribution Around the Periphery of the an 
Aziz Ergin. Istanbul Tek. U. Bul., No. 1, 1958, 
pp. 61-90. 


Application du Soufflage au Bord de Fuite a! 
Contréle de la Déflexion des Grilles d’Aubes- 
J. Paulon. La Recherche Aéronautique, Nov. 
Dec., 1958, pp. 56, 57. In French. Application 
of the jet flap principle to the control of tur- 
bine cascade deflection 


Solution to the Linearized Quasi-Stationary | 
External Diffuser Equations. R. H. Edwards. | 


ARS J., Jan., 1959, p. 54 
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600 pounds of missile 
-.- fons of gray matter 


The Bullpup, air-to-ground missile by Martin Orlando. 
Small, light . .. almost dainty compared to some monster 
missiles, Yet deadly! Fire one . . . mission complete. 


That’s because of the gray matter ... tons, if you could 
measure it . . . poured into the Bullpup by the men of 
Martin Orlando. Every day these men grab fistfuls of 
the future . . . engineer it, program it through computers, 
reduce the data, design hardware, test it . . . and add 
it to the present. 


Working in the finest R&D and production facility, located 
in sunny Orlando, Florida, these men probe the limits in 
electronics, propulsion, guidance . . . the complete 
spectrum of large weapons systems. Martin Orlando's chief 
asset is gray matter... clear, imaginative, experienced 
thought. And we can always use more. Come . . . and 
bring your gray matter. 


Senior level openings for Electronic Engineers, Physicists, 
and Electrical Engineers in these design areas: 
pulse circuitry, electronic packaging, transistor circuitry, 
production test equipment, digital and analog computer. 
Opportunities for men experienced in calculating solid 
state parameters, molecular distribution and quantum 
mechanics. Send confidential resume to: J. E Wallace, 
Director of Professional Staffing, The Martin Company, 
Orlando 21, Florida. 


A great name in electronics /missiles 
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MAGNETOHYDRODYNamiIcs 


EXPANDING THE FRONTIERS OF spac eC 


| 
| 


»AC ECHNOLOGY 


MAGNETOHYDRODYNAMICS: Lockheea’s 3rd Ann 
Symposium*on this important hew field 


) 
2 


Lockheed Missiles and Space Division has complete 
capabilities in more than 40 areas of science and 
technology—from concept to operation. Headquarters 
are at Sunnyvale, California, on the San Francisco 
Peninsula, with research and development facilities 
located in the Stanford Industrial Park in nearby Palo 
Alto and at Van Nuys in the San Fernando Valley of 
Los Angeles. A 4,000 acre, company-owned test base, 
40 miles from Sunnyvale, conducts all phases of static 
field testing. In addition, complete flight testing is 
conducted at Cape Canaveral, Fla., Alamogordo, N.M.., 
and Vandenberg AFB, Calif. as an integral part of every 
stage of missile and space programs at Lockheed 


The Division's advanced research and development 
programs now under intensive study provide a fascinating 
challenge to creative engineering. These programs 
include: man in space; space communications; 
electronics; ionic, nuclear and solar propulsion; 
magnetohydrodynamics; oceanography; computer 
research and development; operations research and 
analysis; human engineering; electromagnetic wave 
propagation and radiation; materials and processes 

and others. 


Lockheed's programs reach far into the future and deal 
with unknown environments. It is a rewarding future 
which scientists and engineers of outstanding talent 
and inquiring mind are invited to share. Write: Research 
Development Staff, Dept. D-16, 962 W. El Camino 
Real, Sunnyvale, California 


‘The organization that contributed most in the past year to 
the advancement of the art of missiles and astronautics.’ 
NATIONAL MISSILE INDUSTRY CONFERENCE AWARD. 


Lockheed wissites AND SPACE DIVISION 


CAPE CANAVERAL, FLORIDA ALAMOGOR NEW ME 


“Copies of the proceedings of the first two symposiums were | 

by the Stanford University Press, Palo Alto, Calif. and are avail 

book form. Results of this year's symposium will be published shortly 
by the same house. 
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On the Existence of a Tangential Velocity 
Discontinuity in the Superfluid Component ¢ 
Helium Near a Wall. G. A. Camtsemlidz 
(Zhurnal Teoret. + Exper. Fiz., June, 1958 Pi 
1,434-1,437.) Sov. Ph J , Dec., 

992 995 Transl: ation. i 


arise in the papestindd component of velocity near 
the wall. 


Istechenie Gaza iz Sosuda so Stenkami, Z,. 
kliuchaiushchimi Mezhdu Soboi Malyi Ugol 24 
A. Arynov AN SSSR Dokl., Nov. 1, 195¢ 
pp. 43-46. In Russian. Study covering the floy 
of a gas from a vessel with plane walls forming, 
small angle 24 The problem includes cases of 
subcritical velocity and can be solv edi in a manner 
analogous to that used for Chaplygin’s problem 
Etude des Tuyéres Convergentes-Divergentes 
de Sortie Avec Ecoulement Externe Super. J 
sonique. Bernard Le Fur. Tech. & Sci. Ae 
nautiques, Aug., 1958, pp. 181-191 In French 
Study of convergent-divergent exhaust nozzle 
with supersonic external flow. The internal ang 
external boundary layers are assumed to be tur 
bulent, and the case of internal separation jg 
studied, as well as that without separation 
K Raschetu Ploskikh Sopel. I. M. Lur'ey 
Prikl. Mat. i Mekh., Nov.-Dec., 1958, pp. 839 
840. In Russi an. Derivation of a solution for the 
ystem of equations of motion simj 
t system of Chaplygin’s equations 
for a high transonic ratio of velocity variations 
The solution is applicable to the calculation of 
nozzles. 
Ob Odnoi Zadache Teorii Uprugosti. 
Al vskii Prikl. Mat. i Mekh 
- 19: 8. pp. 833-838. In Russian Study of the 
impact between two streams of an ideal incom 
_. pressible fluid moving from infinity toward each 
% ; = other in a space bounded by solid walls 


A Note on Turbulent Boundary Layer Growth 
in Nozzles. M. Sibulkin. ARS J., Jan., 1959 
pp. 61-63. Analysis of the variation in nozzle 
exit momentum thickness with nozzle throat 
momentum thickness 


Performance 


Interrelationship of Calculus of Variations and 
Maxima and Minima fo 
ig t echanics pplications. Angelo Miel 
Ar entire : ARS J., Jan., 1959, pp. 75, 76. ' 
Rr EAT Balls Stability & Control 
Experimental Determination of Effects of Fre- 
quency and Amplitude on the Lateral Stability 
Plant devoted of Chrome Derivatives for a Delta, a Swept, and an Unswept 
Wing in Yaw. L. R. Fisher US 
- NACA Rep. 1357, 1958. 27 pp. Supt. of Doe 
exclusively to the Commercial-type Wash., $0.30 
Nose and a Canopy 
’ on the Low-Speed Oscillatory Yawing Derivatives 
making of Carbon and of a Swept-Wing Airplane Model with a Fuselage 
of Circular Cross Section. J. L. Williams and 
= J. R. DiCamillo. U.S.,NASA Memo. 1-15-59, 
rec Ss © rn Stainless Steels, Jan., 1959. 28 pp 
LL rass, ronze, K Zadache o Kryle Zadannogo Ob’ema s Mini- 
mal’nym Volnovym Soprotivieniem. E. V 
Monel Metal Bulygina. Prikl. Mat.i M Nov.-Dec., 1958, 
... the best—Strom combines 9 pp. 826- 828. In Russian. Derivation of a solu 
0 > - ith tion for the problem of an airfoil with minimum 
4 years experience with the : d S ° | wave drag, based on the linearized theory and 
most modern methods and © an pecta 
asic Pressure easurements at Transonic 
machinery to produce the . Materials Seem on a Thin 45° Sweptback Highly Tapered 
world’s finest balls x ing with Systematic Spanwise Twist Variations; 
‘ Wing with Linear Spanwise Twist Variation. 
J. P. Mugler, Jr. U.S., NASA Memo. 12-28- 
58L, Jan., 1959, 91 pp. 
Calculated Aerod eee Forces on a Sweptback 
Untapered Wing Oscillating in Incompressible 
Flow. Appendix—Determination of Virtual In- 
ertias by the Vortex Lattice Method. D. L 
Woodcock. Gt. Brit., ARC CP 411 (Dec., 1956) 
1958. 21 pp. 10refs. BIS, New York, $0.63 
Low-Speed Wind-Tunnel Tests of the Effects 
of Various Leading-Edge Modifications on the 
Catalog ¢ i Prices on Request Sectional Characteristics of a Thin Wing. S.F 
: : J. Butler. Gt. Brit., ARC CP 410, 1958. 
BIS, New York, $1.35. 
Calcul des Efforts Aérodynamiques sur les 
Ailes en Delta Vrillées Cambrées, + Régime 
S S T E E a B A aE L Cc oo. Sonique. M. Fenain and D. Vallée. La Recher 
che Aéronautique, Nov.-Dec., 1 » Pp. 99, « 
In French. Calculation of aerodynami S 
on cambered delta wings for the transonic case. 
i z Effects of Some Changes in Body Length and 
Erwin, Tennessee - Telephone ERwin 2-1141 Nose Shape on the Aerodynamic Characteristics 
of Wing- Body Combinations at Supersonic Spot 
S. H 1A. Stanbrook. Gt. Brit., 
Pacific Coast Representative: R. J. SCHENK, 716 South Main Street, Santa Ana, California os 31S ; 


413, 1958. 21 pp BIS, New York, $0.63 
Southwestern Representative: E. E. GRAHAM & Co. 3701 Navigation Bivd., Houston 3, Texas 


Chicago Representative: ROBERT YOUMANS, 6110 West 26th Street, Chicago 50, Illinois Aeroelasticity 


Aeroelasticity Retrospect and Prospect. A 
R. Collar. (2nd Lanchester Memorial Lecture, 
London, Nov. 20,1958.) RAeS J., Jan., 1959, pp- 
1-1 66 refs. Survey of the history of aero 
elasticity and description of some important re 
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The Applied Physics Laboratory 


of 


The Johns Hopkins University 


Announces Appointments 


for 
SENIOR SCIENTIFIC STAFF 


The Assessment Division of The Applied Physics Laboratory has 
undertaken new responsibilities and is expanding its Senior Analytical 
Staff. Senior Scientists in such fields as Mathematics, Physics and Physical 
Chemistry have in the past proven very effective in solving the types of 
problems involved which include analyses of tactical situations, the em- 
ployment of future weapon systems and the application of the most recent 
advances in science and technology. 

Performance of the work requires close association with scientists 
of other laboratories, operations research personnel of all branches of 
the Armed Services, and with senior military and civilian personnel. 

Studies undertaken by this group will provide guide lines for the 
hardware research of future years. Staff members are expected to initiate 
ideas in support of a broad program of National Defense needs and carry 
them through appropriate analyses with assurance that sound results will 
be given consideration by the responsible agencies. 

The Laboratory’s locale, equidistant between Baltimore and Wash- 
ington, D. C., allows staff members to select urban, suburban or rural 
living and either of these two outstanding centers of culture as a focal 
point for fine living. 

These appointments offer exceptional opportunities. For information 
and arrangements for interview, write-in confidence to: 


Dr. Charles F. Meyer 
Assessment Division Supervisor 
The Applied Physics Laboratory 
The Johns Hopkins University 
8605 Georgia Avenue 
Silver Spring, Maryland 
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cent developments. The correlation of calcula 
tion and test, and various other aspects and prob 
lems are considered 

On the Stability of a Panel Moving in a Gas. 
A. A. Movchan (Prikl. Mat. i Mekh., No. 2 
1957, pp. 231-243.) U.S.,NASA RE 11-21-58V 
Jan., {oh 23 pp. Translation. Analysis con 
necting the characteristics of the natural vibra 
tions of a panel and the parameters of the problem 
so that certain deductions concerning the stability 
of the motion can be made. In the adopte 
formulation, the possibility of fluttering motions 
is demonstrated both for panels free from forces 
in their plane and in the general case 

Vibratsiia Tonkogo Priamougol’nogo Kryla 
Bol’shogo Udlineniia v Sverkhzvukovom Potoke 
G. I. Kopzon. Priki. Mat. i Mekh., Nov.-Dec 
1958, pp. 810-814 In Russian. Study cover 
ing the flutter of a thin rectangular wing of high 
aspect ratio in a supersonic stream. 

On the Supersonic Flutter of Two-Dimensional 
Infinite Panels. J. W. Miles and W. P. Rod 
den. J. Aero/Space Sci., Mar., 1959, pp. 190, 191 
Evaluation of previous analyses of panel flutter 

A Comparison of British and U.S. Gust Data» 
N. I. Bullen. Gt. Brit., RAE TN Struc. 244- 
June, 1958. 28pp. 20 refs 

Vibrations of Twisted Beams. II. William 
Boyce and George Handelman. (Renssela 
Polytech. Inst. Dept. Math., RPI MathRep. 11 
Dec. 19, 1957.) Quart. Appl. Math., Jan., 1959 
pp. 385-396. 13 refs. 

On Vibrations of a Plate Moving ina Gas. A 
A. Movchan. (Prikl. Mat. i Mekh., No. 2, 1956 
pp. 211-222.) U.S.. NASA RE 11-22-58W 
Jan., 1959, 19 pp. Translation. Investigation 
of the vibrations in a cantilever plate of infinite 
width moving in a gas with large supersonic ve 
locity in the direction from the clamped to the free 
edge. Under the conditions of the two-dimen 
sional problem, the relation is studied between the 
characteristics of the natural vibrations and the 
velocity of motion of the plate, and certain con 
clusions are drawn on the stability of the motion 
A formula for critical velocity is obtained 


Aeronautics, General 


The Present and the Future. F. R. Banks 
RAeS J., Jan., 1959, pp. 16-22. Discussion of 
the present status and of the future trends, possi 
bilities, and problems of the aircraft industry 

The Space Age Effecton Management. Ernest 
Goetz, M. C. Demler, R. G. Folsom, and I. N 
Palley. IAS 27th Annual Meeting, New Yor! 
Jan. 26-29, 1959, Rep. 59-61. 29 pp. Mem 
bers, $0.50; nonmembers, $1.00 (Also in Ae? 
Space Engrg., Feb., 1959, pp. 29, 58.) 

The Engineering Briefing—A Communication 
Medium. W . Dunbar. Aero/Space Engrg 
Mar., 1959, pp. 60-63. Description of the brief 
ing communication method and evaluation of its 
advantages. The development of the visual cues 
and the briefing delivery are considered. 


Airplanes 


Air Conditioning, Pressurization 


Cabin Pressurization Now Needs Built-in 
Reliability. C. W. Jonasson. Space/ Aeronau 
tics, Jan., 1959, pp. 142-149. Abridged. Study 
of current jet transport units showing some of 
the changes in design approaches which led to 
improved reliability. 


Present Status of Aircraft Liquid Oxygen 
Breathing Systems. C. G. Roach and R. W 

Roundy. (Aero Med. Assoc. 29th Annual Meet 
ing, Wash., Mar. 26, 1958.) J. Av. Med., Dec 

1958, pp. 898-902. Discussion of problems en 
countered over the last ten years in the process of 
changing from gaseous to liquid oxygen systems 


Control Systems, Automatic Pilots 


Ground Simulator Studies of the Effects of 
Valve Friction, Stick Friction, Flexibility, and 
Backlash on Power Control System Quality. 
B. P. Brown. U.S., NACA Rep. 1348, 1958 
13 pp. Supt. of Doc., Wash., $0.20. 


Description 


From Nose to Tail: Structure of the Victor’s 
Fuselage. R.H. Sandifer. Handley-Page Bul 
Winter, 1958, pp. 13-16, cutaway drawing. In 
cludes description of undercarriage and structural 
testing. 

Fairchild F-27 Air Force Flight Evaluation. 
= I—Data Analysis Methods. Appendix 

~General Information. W. A. Ballentine and 
Ch. E. Kroll. USAF FTC TR 57-21 (Addendum 
1), Jan., 1959. 62 pp. Design, performance, 
and stability characteristics of a turboprop trans- 
port, obtained during a flight testing program 

Supersonic Airliners. C. F. Joy. Handley 
Page Bul., Winter, 1958, pp. 6-11. Survey of 
some design problems and discussion of probable 
solutions. 

The Electra. I—General Characteristics. 
Power Plant, Airframe and Systems. J. F 
McDonald. Lockheed Field Serv. Dig., Sept.- 
Dec., 1958, pp. 5-62 
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Landing, Landing Loads 


Investigation of the Maximum Spin-Up Co- 
efficients of Friction Obtained During Tests of a 
Landing Gear Having a Static-Load mee i of 
20 7000 Pounds. S. A. Batterson. U.S., NASA 
Mem 12-20-58L, Jan., 1959. 24 pp 


Landing Gear 


Semi-Articulated Bogie Undercarriage Landing 
Performance. P. Person. Aircraft Eng., Jan., 
1959, pp. 2-5. Presentation of a dynamic analysis 
of the landing reaction of tires, main shock- 
absorber, and dashpot of a four-wheel bogie. 

Liquid-Cooled, Disk-Type Brake for High 
Aircraft. Charles Weinert. Auto. 
nd., Jan. 15, 1959, pp. 63, 122. 

Die “rls der heutigen Flugzeuge. I, Ils 
E. Schumacher. (AFZ Lecture, Stuttgart, July 1, 
1958.) Luftfahritechnik, Nov. 15; Dec. 15, 1958, 
pp. 294-306; 320-338. In German. Survey of 
landing gear designs for various aircraft types, 
including details of actuating and braking sys- 
tems, hydraulic systems, as well as materials and 
test methods 


Operating Characteristics, Economics 


Operational Aspects of a Propjet Transport. 
W. H. Arata, Jr. IAS 27th Annual Meeting, 
Vew York, Jan. 26-29, 1959, Rep. 59-71. 15 pp. 
Members, $0.50; nonmembers, $1.00. Discus- 
sion of operational aspects of the F-27, tailored 
for use by local airlines, as well as certain seg- 
ments of the trunk airlines. 


Britain’s Supersonic Airliner. J. R. Cownie. 
The Aeroplane, Jan. 9, 1959, pp. 48-51. Includes 
discussion of some problems in designing a super 
sonic transport to ensure competitive operating 


costs. 


The Supersonic Ramjet Transport. R. T. 
DeVault. Western Av., Jan., 1959, pp. 4-7, 23. 
Review of the status of propulsion and discus 
sion on the applicability of the ram-jet power to 
high Mach Number transports 


Piloting 


The Instrument Take-Off. G. D. Annin 
[AS 27th Annual Meeting, New York, Jan. 26-29, 
1959, Rep. 59-69 7 pp Mempers, $0.50; 
onmembers, $1.00 Discussion of the instru- 
mentation and control problems associated 
vith ground roll and initial climb 


Airports 
Developments in Airport Lighting. Y. A. 
Villiers. The Aeroplane, Jan. 2, 1959, pp , 12. 


Discussion of the shortcomings of Sohn air- 
port lighting systems, including means for their 
improvement 


Bestimmung und Justierung von Hochleis- 
tungsfeuern. Fritz Stauffert. Luftfahrtiechnik, 
Nov., 1958, pp. 306-310. 12 refs. In German. 
Discussion covering landing approach light 
systems, Such factors as the strength of light 

urces and meteorological visibility are examined. 


Aviation & Space Medicine 


Training in Preparation for Man High I. 
W. Kittinger, Jr IAS 27th Annual Meeting, 
Ve York, Jan. 26-29, 1959, Rep. 59-81. 7 pp. 
Members, $0.50; nonmembers, $1.00 De- 
scription of the specific training program and of 
he unique problems encountered 


Wide Range Investigations of Acceleration in 
Man and Animals. Rodolfo Margaria. (Aero 
Ved. Assoc. 29th Annual Meeting, Wash., Mar. 

1958.) J. Av. Med., Dec., 1958, pp. 855-871. 

7 refs. Discussion covering possible protection 
against acceleration forces on the basis of ele- 
mentary laws of physics, describing the behavior 
of bodies floating in a fluid and subjected to ac 
celeration. 


Some Effects of Acceleration on Human Sub- 
jects. M.G. Webb, Jr. (Aero Med. Assoc. 29th 
Annual Meeting, Wash., Mar. 26, 1958.) J. Av. 
VM Dec., 1958, pp. 879-884. 11 refs. Discus- 
on of circulatory, cardiac, and nervous system 
fects 


Variation in Duration of Oculogyral Illusions 
as a Function of the Radius of Turn. Appendix 
I—Analysis of Fluid Flow in a Toroidal Ring 
Turned at Large and Small Radii. Appendix II 

Sensations of Position and Motion Experienced 
by Subjects Rotated on a Centrifuge. 
Gray and R. J. Crosbie. U.S., NADC MA- 
5806, May 22, 1958. 38 pp Test results indi- 
cating that with an increase in radius of turn there 
is an average decrease in duration of visual illu- 
sions of rotation. 


Effect of Water Immersion on Human Toler- 
ance to Forward and Backward Acceleration. 
Stuart Bondurant and W. G. Blanchard. (Aero 
Me Assoc. 29th Annual Meeting, Wash., Mar. 

1958.) J. Av. Med., Dec., 1958, pp. 872-878. 
ey of preliminary experiments designed to 
1ate the magnitude of protection and the 
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technical problems associated with acceleratiog 
of subjects immersed in water. 

Erythrocyte Hydration Under Positive Ag. 
celeration. R. L. Fenichel and G. H. Kydg 
U.S., NADC MA-5805, Apr. 7, 1958. 10 
Investigation of the effects of a standardized pat. 
tern of G exposure on the arterial blood of yg. 
anesthetized monkeys 


The Effects of Positive Acceleration Upon the 
Performance of an Air-to-Air a Task, 
D. E. Fletcher, C. C. Collins, and J. L. Brow, 
U.S., NADC MA-5807, June 2, 1958 21 pp 
(Also in J. Av. Med., Dec., 1958, pp. 891 8ah} 
Study of certain time and error characteristies 
of compensatory tracking performance in g 
human centrifuge 

The Relationship Between Pain and Tisgye 
Damage Due to Radiation. A. 
Stoll and L. C. Greene. U NADC M A-5808. 
June 11, 1958. 37 pp 22 fi 

Implications of Space Radiations in Manneg 
Space Flight. W. H. Langham. JAS 2% 
Annual Meeting ew York, Jan. 26-29, 1959 
Rep. 59-62. 9 pp. Members, $0.50; nonmem. 
bers, $1.00. Presentation of some data on the 
effects of ionizing radiation on animal tissue, 
and the resulting effects on man and his equipment 
in space exploration 

Studies of Pilot Control During Launching ang 
Reentry of Space Vehicles, Utilizing the Humay 
Centrifuge. C. H Woodling and C. C. Clark 
IAS 27th Annual Meeting, New York, Jan 26-29, 
1959, Rep. 59-39. 11 pp. Members, $0.50; nop. 
members, $1.00. Description of the design and 
operation of the centrifuge, and discussion of its 
potentialities and use as a flight simulator. 


Human Engineering 


Systematic Error on the Part of Human Linksig 
Systems. D Campbell, 
Info. & Control, Dec., 1958, pp. 334-369. 149 
refs. 

Simulation of Extra-Cockpit Visual Cues ig 
Contact Flight Transition Trainers. W. 
Lybrand, M. D. Havron, W. B. Gartner, H. 4 
Searr, and R. C. Hackman. USAF PTRCTR 
58-11 [AD I 152123], Feb., 1958. 117 pp. 4 
refs. 

Simulation of Extra-Cockpit Visual Cues in 
Contact Flight Transition Trainers. W. A 
Lybrand, M. D. Havron, W. B. Gartner, H. A 
Searr, and R. C. Hackman. USAF PTRC TR 
58-11, App. I [AD 152123], Feb., 1958. 138 pp. 
170 refs. 


Chemistry 


Research on Metallic Phases in Systems of 
Transition Metals with Non-Metals—The Crystal 
Structure of Ru7B;. Bertil Aronsson. Uppsala 
U. Inst. Chem. TN 1 (AFOSR TN 58-1090) 
[A D 207587], 1958. 11 pp. 14 refs. 

The Structures of NisSioB, and Some Re- 
lated Phases. Stig R undqvist and Franz idee. 
Uppsala U. Inst. Chem. TN 2 (AFOSR TN $ 
1019) [AD 162284], Oct. 20, 1958. 14 pp. 25 
refs. 


X-Ray porgigntions on Me-Si-B Systems 
(Me = Mn, Fe-Co). I—Some Features of the 
Co-Si-B Systems at 1000°C. ; Intermediate Phases 
in the Co-Si-B and Fe-Si-B Systems. Bertil 
Aronsson and Gunvor Lundgren. Uppsala U 
Inst. Chem. TN 3 (AFOSR TN 58-1020) [AD 
162285], Oct. 20, 1958 pp. 23 refs 

Recent Advances in Boron Technology. R.A. 
Carpenter. ARS J., 1959, pp. 8-14. 81 refs. 
Discussion of the chemistry of boron and various 
boron compounds. Their properties and applica- 
tions are also included 


Computers 


Minimum-Storage Matrix Inversion. V. W 
Bolie. ZAMM, Sept.-Oct., 1958, pp. 369-372 
Description of a method for transforming @ 
matrix into its inverse with a minimum of stor- 
age locations. 


Automatic Monitoring and Data Processing 
System (AMDPS) for Ground-Based Radars. 
Jack Maglaya and H. J. Hewitt. USAF RAD 
TR 58-135 [AD 148932], Dec., 1958. 37 pp. 


A High Speed teers Tape Reader for Data 
Processing. F. K. Goulding. Can. Aircraft 
Ind., Dec., 1958, pp. 18, 19, 42, 43. Description 
of the design and operation of the tape reader 
providing information at the rate of 200 charac- 
ters per sec. 


Least Squares Filtering and Prediction of 
Sampled Data. Bernard Fri 
land. Info. & Control, Dec., 1958, pp. 297-313. 
13 refs. USAF-supported investigation. 


Extraction of Roots by Repeated Subtractions 
for Digital Computers. Iwao Sugai. Asso. 
Comp. Mach. Commun., Dec., 1958, pp. 6-8 


The Application of Automatic Digital Comm 
to Aeronautics. S Hollingdale. RAeS J., 
Jan., 1959, pp. 51-56. Discussion of the computer 
role and application, including some illustrative 
examples 


Computer Program for Solving Nine-Group 
Diffusion Equations for Cylindrical Reactors. 
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Harrison aircraft oil coolers— 
engineered & built to General 
Motors standards of quality. 


HARRISON RADIATOR 


BEECHCRAFT Travel Air 


Harrison-Cooled “Light Twin” 
Climbs 1360 Feet Per Minute! 


Cruises over mountains . . . cruises over weather at 200 mph! 

Flies over 1400 miles without refueling! Carries 1420 pounds of 
useful load! Gets more than 11 miles per gallon! That’s the amazing 
performance story of Beecheraft’s new Travel Air . . . a modern 
executive’s dream plane come true. And, of course, it’s Harrison 
cooled! Dependable, lightweight heat exchangers by Harrison handle 
the vital job of cooling the engine oil on this ultra-modern craft. 
Cool performance in every flying situation is assured by Harrison. 
That’s why you'll find Harrison heat exchangers on every type 

of advanced aircraft. That’s why it’s smart to look to Harrison 
if you have a cooling problem! 


TEMPE 


GENERAL 
MOTORS 


— 


AIRCRAFT, AUTOMOTIVE, MARINE AND INDUSTRIAL HEAT EXCHANGERS 


DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
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MOMENT IN HISTORY 


April 1959 


THIS IS THE “FIRST FLIGH? 
of the new Air Force TITAN 
America’s most powerful weapon anj 
our No.1 challenger in the big-missil 
field. Time: 2/6/59—4:22 p.m. EST 
The most important thing abou 

this moment in history is no 

visible here—and it is this 

Three years to the 

day from the breaking of ground 

at Martin-Denver, TITAN No.1 roared 
into the sky. Those 36 months 

saw the creation of the free world’s 
most advanced ballistic missile 
facility—and the development, 
production, testing, delivery and 
launching of the first of an entirely 
new generation of ballistic 

missile weapon systems, forerunner 

of the Global Ballistic Missile. 

TITAN is the 

result of an advanced engineering 
concept—developed by Martin under 
the direction of the Air Force's 
Ballistic Missile Division 


of the Air Research and Development 


Command—which provides the 
most extensive pre-flight testing of | 
components, subassemblies and full 
scale missiles ever undertaken. 
This method in 


the TITAN development, 


and in the generations of space 
systems to follow, may well 

be one of the most important single 
factors in speeding America’s 


bid for space supremacy. 
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J. W. Miser, R. E. Hyland, and Daniel Fieno. 
U.S., NASA Memo. 12-24-58E, Jan., 1959. 43 
pp. Method for determining the critical size of.a 
cylindrical reactor by a one-dimensional group- 
diffusion solution in the radial plane. A com- 
puter program for an IBM 650, which performs 
the solution of the diffusion equations given, is 
presented. 


Control Theory 


Filtering of Noise in the Optimalizing Control. 

Sefi. Scientia Sinica, Nov., 1958, pp. 1,022- 
1,028. Presentation of a method for the filtering 
of noise by a linear filter in the optimization of 
control equipment. 


Frequency Response Analysis of the Vane-Type 
Angle of Attack Transducer. G. J. Friedman. 
Aero/ Space Engrg., Mar., 1959, pp. 69-75. Anal- 
ysis of the vane system and development of a 
new set of curves useful in the interpretation of 
frequency response tests in wind tunnels. 


A Performance Index for Feedback Control 
Systems Based on the Fourier Transform of the 
Control Deviation. J. G. Balchen. Acta Poly- 
technica Scandinavica Ma 1 (247), 1958. 19 pp. 

On the Theory of Non-Linear Servomecha- 
nisms. R. nae ose Acad. Pol. Sci. Bul., 
No. 5, 1958, pp. 271-275. Theoretical analysis 
of the control oti stability, and output con- 
straints of nonlinear servomechanisms. 


Documentation 
Dezimal-Klassifikation der Astronautik. (J AF 
9th Congr., Amsterdam, Aug. 25-30, 1958.) 


Raketentech. & Raumfahrtforsch., Jan., 1959, pp. 
1-8. In German. Comprehensive list of decimal 
classification of astronautics subdivided into nine 
groups including physical, chemical, measure- 
ment, navigation, power-plant, and space flight 
sections. 


Education & Training 


An Aeronautical Engineering Educator’s View- 
point on the Challenge of Space Technology to 
Aeronautical Engineering Education. G. L 
Von Eschen. JAS 27th Annual Meeting, New 
York, Jan. 26-29, 1959, Rep. 59-74. 7 pp. Mem- 
bers, $0.50; nonmembers, $1.00. Discussion 
on the need for, and the problems of, adequate 
aeronautical training and trends in engineering 
education. A subject matter content of aero- 
nautical engineering curricula is presented. 


The Use of Simulators for Training Sea and Air 
Navigators. I—Synthetic Training Aids in the 
Royal Air Force. J. Wilson. II[—Simulators for 
Training Ground Radar Operators. V. A. M. 
Hunt. IlI—tTraining in the Use of Shipborne 
Radar. R. G. Swallow. IV—The Design of a 
Radar Simulator. P. Tenger. Inst. Navigation 
J., Oct., 1958, pp. 365-376. 


Electronics 


Le Réle de 1’Electronique dans le Transport 
Aérien Moderne. M.Rabary. Tech. & Sci. Aéro- 
nautiques, June, 1958, pp. 101-104. In French. 
Outline of some trends in the development and 
application of electronic equipment in terms of 
high-speed and high-altitude requirements of 
modern transport aircraft. The navigational 
aspect is also emphasized. 


Amplifiers 


The Reactatron—A Low-Noise, Semiconductor 
Diode, Microwave Amplifier. F.A. Brand, W.G. 
Matthei, and T. Saad. JRE Proc., Jan., 1959, 
pp. 42-44. 21 refs. Description of an amplifier 
using two nonlinear capacitor microwave p-7 
junction diodes in a balanced hybrid system. 


Three-Level Solid State Maser. S. M. Berg- 
mann. J. Appl. Phys., Jan., 1959, pp. 35, 36. 
Calculation of the maximum values of the real and 
imaginary components of the paramagnetic sus- 
ceptibility of a three-level solid state maser. 
General expressions for the gain and bandwidth 
of a traveling wave maser are given. 


Antennas, Radomes 


Spiral Antennas Meet Needs of New Vehicles. 
E. M. Turner. Space/Aeronautics, Jan., 1959, 
pp. 56-62. 

All-Mechanical Antenna Scan on Its Way Out. 
Electronic Des., Jan. 7, 1959, pp. 24, 25. Brief 
discussion of various scanning methods and an- 
tenna shapes. 


High Power, Big Antennas Not Radar Answers. 
Electronic Des., Jan. 7, 1959, pp. 23-25. Discus- 
sion of the improvements needed in radar tech- 
nology for target detection. The application of 
amplifiers, traveling-wave tubes, and ferrites is 
stressed. 


Driving Point and Input Admittance of Linear 
Antennas. T. T. Wu and R. W. P. King. J. 
Appl. Phys., Jan., 1959, pp. 74-76. Investiga- 
tion of an infinity in the input admittance of 
linear antennas owing to the use of an idealized 
delta-function generator. 


April1959 ¢ Aero/Space Engineering 97 


= 
— 
= 
| 
— 


AERO/SPACE 
ENGINEERING 
CATALOG 


Consult your 
1959 EDITION 


For Names — Current Addresses — 
Complete Product Descriptions of 
all principal manufacturers of 
Missile, Rocket, Air and Spacecraft 
Components and Materials. 


> Specific product data of these leading companies are filed in the 
1959 AERO/SPACE ENGINEERING CATALOG. 


Aerojet-General Corp. 
Aeroquip Corp. 
Aero Supply Mfg. Co., Inc. 
Aircraft Radio Corp. 
AiResearch Mfg. Divs., The 
Garrett Corp. 
Allied Research & Engineering Div., 
Allied Record Mfg. Co. 
The American Brass Co. 
American Felt Co. 
Amphenol-Borg Electronics Corp. 
Behiman Engineering Co. 
Bendix Products Div., 
Bendix Aviation Corp. 
Buffalo Hydraulics Div., 
Houdaille Industries, Inc. 
Chain Belt Co., Shafer Bearing Div. 
Chandler-Evans Corp. 
Cherry Rivet Div., Townsend Co. 
Chicago Aerial Industries 
Cleveland Pneumatic Tool Co., a Div. of 
Cleveland Pneumatic Industries, Inc. 
Consolidated Controls Corp. 
Delavan Manufacturing Co. 
Douglas Aircraft Co., Inc. 
Eastern Industries, Inc. 


2 East 64th Street . 


Thomas A. Edison Industries, Instrument 
Div., McGraw Edison Co. 


Elastic Stop Nut Corp. of America 
Flexonics Corp. 

Garrett Corp., The, AiResearch Mfg. Divs. 
General Electric Co., X-Ray Dept. 
General Logistics Div., Aeroquip Corp. 
Hoover Electric Co. 


Houdaille Industries, Inc., 
Buffalo Hydraulics Div. 


Janitrol Aircraft Div., 
Surface Combustion Corp. 


Johns-Manville 

Joy Manufacturing Co. 
Kearfott Co., Inc. 
Kelsey-Hayes Co. 

Kollsman Instrument Corp. 
Lavelle Aircraft Corp. 
Link-Belt Co. 

Marman Div., Aeroquip Corp. 


McGraw Edison Co., Thomas A. 
Edison Industries, Instrument Div. 


Meletron Corp. 
Microbeads, Inc. 
The Narda Ultrasonics Corp. 


* Formerly Aeronautical Engineering Catalog 


IAS MEMBERS—Ordered your copy yet?-—$1.00 to members (to cover handling costs). 


Nonmember price $7.50 


AERO/ISPACE ENGINEERING CATALOG 


An Official Publication 


INSTITUTE OF THE AERONAUTICAL SCIENCES 
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The New York Air Brake Co., 
Watertown Div. 

Pioneer Parachute Co., Inc. 

Resistoflex Corp. 

M. H. Rhodes, Inc. 

Rohr Aircraft Corp. 

Scott Aviation Corp. 

Shafer Bearing Div., 
Chain Belt Co. 

Sierra Engineering Co. 

Southwest Products Co. 

Standard Pressed Steel Co. 

Standard Wire & Cable Co. 

F. W. Stewart Corp. 

Surface Combustion Corp., 
Janitrol Aircraft Div. 

Swedlow Inc. 

Telecomputing Corp., Whittaker 
Controls Div. 

Townsend Co., Cherry Rivet Div. 

United States Steel Corp. 

Universal Match Corp. 

Watertown Div., The New York 
Air Brake Co. 

The Weatherhead Co. 

Whittaker Controls, a Div. of 
Telecomputing Corp. 

Wittek Manufacturing Co. 

Yardney Electric Corp. 


New York 21, N.Y. 
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Circuits & Components 


Special Circuits for Transistor Receivers. 
w. E. Sheehan and W. H. Ryer. Electronics, 
Jan. 9, 1959, pp. 56, 57. Tabular representation 
of four portable transistor receiver circuits, 
including general design procedures for the entire 
receiver. 

Unregulated Power Supplies for Digital Com- 
puters. L. M. Hollingsworth and J. H. Hayden. 
Auto. Control, Jan., 1959, pp. 52-56. Includes 
survey of such factors as selection and analysis 
of the transformer-rectifier, voltage drop in 
auxiliaries, and transient regulation. 


Input-Output Relationships of Multi-Sampled- 
Loop Systems. G. G. Lendaris. UL 5 Calif. Inst. 
Eng. Res., Ser. 60/1214 (AFOSR TN 
58-813) [AD 202358], Dec. 3,1958. 19 pp. 13 
refs. 


Communications 


The Northern Lights and Northern Communi- 
cations. A. M. Peterson. SRI J., No. 2, 1958, 
pp. 46-51. Description of aurora studies cover- 
ing various techniques used 


How Robot Voices Vector Fighter Pilots. 
C. W. Poppe and P. J. Suhr. Electronics, Jan. 9, 
1959, pp. 47-49. Description of the automatic 
voice link which converts data on enemy aircraft 
position into verbal instructions for transmission 
to fighter-interceptors. 


Reliability and Stability Most Critical in Satel- 
lite Communications. Space/Aeronautics, Jan., 
1959, pp. 38-45. Discussion of the necessity for 
equipment reliability and satellite stability in 
order to use high gain, narrow beam antennas. 


Fidelity of a Communication System Affected 
by Atmospheric Turbulence with Application to 
Long Line-of-Sight Radio Links. D.S. Bugnolo. 
Columbia U. Dept. Elec. Eng. Sch. Eng. TR T-2/C 
(AFOSR TN 58-968) [AD 205603], Oct. 27, 
1958. 24pp. 12 refs. 

The Relationship Between Atmospheric Radio 
Noise and Lightning. F. Horner. J. Atmos. & 
Terrestrial Phys., Dec., 1958, pp. 140-154. 23 
refs. 


Construction Techniques 


Mathematical Analysis for Minimum Weight 
and Space Envelope, Top Reliability. David 
Ehrenpreis. Space/ Aeronautics, Jan., 1959, pp. 
64-69. 


Electronic Tubes 


Cathode-Ray Storage Tubes for Direct View- 
ing. A.S. Kramer. Electronics, Jan. 23, 1959, 
pp. 40, 41. Presentation of data on 17 direct- 
view tubes. 


Cathode-Ray Storage Tubes for Special Pur- 
poses. A.S. Kramer. Electronics, Jan. 30, 1959, 
pp. 52, 53. Presentation of design characteris- 
tics of data, computer, scan converter, and char- 
acter-writing storage tubes. 


Magnetic Devices 


Effect of Iron Oxide Particle Size on Nickel 
Ferrite Formation. George Economos and T. R. 
Clevenger, Jr. MIT LIR TR 130, Nov., 1958. 
15 pp. 

Evaluation of Some Methods of Nickel Ferrite 
Formation. George Economos. MIT LIR 
TR 129, Nov., 1958. 23 pp. 14 refs. 


Measurement & Testing 


Izmerenie Polnogo Soprotivleniia i Chastoty pri 
Pomoshchi Sdvoennogo Fazovrashchatelia. A. I. 
Fiurstenberg. AN SSSR Dokl., Nov. 11, 1958, 
pp. 275-277. 12 refs. In Russian. Measure- 
ment of impedance and frequency by means of 
a twin-phase switcher. 


Networks, Filters 


_Synthesis of Active Filter Networks. Takesi 
Yanagisawa. Tokyo Inst. Tech. Bul., Ser. B, 
No. 1, 1958, pp. 77-79. Abridged. 


_The Flow Graph—A Shortcut to Network 
Simulation. G. V. Woodley. Electronic Des., 
Jan. 21, 1959, pp. 26, 27. 


Noise, Interference 


Low Noise in Solid State Parametric Amplifiers 
at Microwave Frequencies. W. E. Danielson. 
7 Appl. Phys., Jan., 1959, pp. 8-15. 17 refs. 

scription of the principles of parametric 
amplification through the use of simple low-fre- 
quency electrical circuits and their mechanical 
analogs. Qualitative extension of these principles 
to low-noise amplification at microwave frequen- 
cies is made. 


Urgent: Reliability, Less RFI. Electronic Des., 
Jan. , 1959, pp. 28, 29. Discussion on the need 
or reliability improvement and elimination: of 


radio-frequency interference. 


RESEARCH 
DEVELOPMENT 
PRODUCTION 


Building Tomorrow's Power 


CESSNA 


MODEL 141 


Continental Aviation & Engineering Corporation 
has more than 10 years’ experience with small 
gas turbine engines.... Four versions of the J69 
turbojet—delivering 920 to 1700 Ibs. thrust— 
are in operation today. . . . The Model 141 
turbine air compressor engine is widely used 

+ in jet aircraft ground support equipment... . 
Research and development programs are con- 
tinuously in process on uprated turbines, new 
turbine configurations, solid fuel propellents, 
and solid fuel ramjet vehicles. 


CONTINENTAL AVIATION & ENGINEERING CORPORATION 


SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 


April1959 © Aero/Space Engineering 


— 

J69 

MA-1A 

| 
| 
| 

©): 
NO 
99 


New Mechanism of Noise Reduction in Elec- 
tron Beams. M. R. Currie and D. C. Forster 
J. Appl. Phys., Jan., 1959, pp. 94-103. 20 refs 
Detailed investigation of the conditions for mini 
mum beam noisiness. Experimental results are 
compared with those of existing noise theoriés 
and new models for turther theoretical and ex- 
perimental investigation are suggested. 


Preventive Design Aspects of Radio-Frequency 
Interference Control. H. R. Schwenk. Sperry 
Eng. Rev., Dec., 1958, pp. 15-22. 


The Autocorrelation and the Power Spectrum 
of Nonstationary Shot Noise. L. P. Hyvarinen 
Acta Polytechnica Scandinavica El 2 (252), 1958 
23 pp. 


Radar 


State of the Art: Radar. James Holahan. 
Space/ Aeronautics, Jan., 1959, pp. 25, 94-104 
Discussion of performance gains in terms of 
three new developments: availability of high 
power microwave amplifiers and associated com- 
ponents, application of statistical design con- 
cepts, and low noise UHF and microwave com 
ponents. 


Design of a Radar Performance Monitor for 
Radar Set AN/FPS-8. Richard Moore. USAF 
RADC TR 58-112 [AD 148869], Dec., 1958. 24 
pp. 


Function Generator for Radar Simulator 
Barbara Silverberg. Electronics, Jan. 9, 1959’ 

. 52-55. Description of a general-purpose 
photoelectric function generator permitting the 
generation of any single-valued function with an 
accuracy of better than | per cent. 


Detection of Moving Radar Targets in Clutter. 
Lars-Henning Zetterberg. Info. & Control, 
Dec., 1958, pp. 314-333. Investigation of the 
moving target indicator for threshold and vis- 
ibility in clutter. Electronic scanning of the an 
tenna beam is proposed and a detector, combin- 
ing more than two pulses at a time, is considered. 


Miniature X-Band Radar Has High Resolution. 
Cc. D. Hardin and James Salerno. Electronics, 
Jan. 30, 1959, pp. 48-51. Description of a pulse 
radar set capable of detecting targets from 1,000 
ft. to 5 miles depending on antenna gain. 


The Influence of Atmospheric Conditions on 
Radar Performance. J. A. Saxton. Inst. Navi- 
gation J., July, 1958, pp. 290-303. 14 refs. 
Review of the influence of gaseous absorption and 
precipitation of various forms on the performance 
of centimeter-wave radar equipment, special 
reference being made to the phenomena to be ex- 
pected at a wavelength of 3cm. The influence of 
super-refraction in the atmosphere is discussed, 
and the occurrence of skip effects is shown. 


Reliability 

Improving the Performance of Small Electro- 
dynamic Vibration Generators. I. M. Steel 
Elec. Energy, Jan., 1959, pp. 34-39. Review of 
normal test procedures and of electronic equip- 
ment under vibration conditions. 


Components Demand Outstrip Advances; 
Goal’s Reliability. Electronic Des., Jan. 7, 1959, 
pp. 30, 31. 


Semiconductors 


Hall Effect in Semiconductor Compounds; 
Modern Applications Using Indium Arsenide and 
Indium Antimonide. M. J. O. Strutt. Electronic 
& Radio Engr., Jan., 1959, pp. 2-10. 15 refs. 


O Koeffitsiente Pogloshcheniia (Oslableniia 
Intensivnosti) Beta-Luchei v Poluprovodnikakh. 
B. I. Boltaks and V. I. Sokolov. AN SSSR 
Dokl., Nov. 21, 1958, pp. 446-448. In Russian. 
Investigation of various types of materials in 
order to determine the coefficient of 8-ray ab- 
sorption in semiconductors. 


Rol’ Poverkhnostnykh Svoistv Poluprovodnika 
v Iavieniiakh Adgezii. V. P. Smilga and B. V. 
Deriagin. AN SSSR Dokl., Oct. 21, 1958, pp. 
1,049-1,052. 11 refs. In Russian. Discussion 
of the role of surface properties of semiconductors 
in adhesion phenomena. 


Calculation of the Electrical Conductivity of 
Semiconductors with High Impurity Content. 
R. Zigenlaub. Sov. Phys.-Dokl., Nov.-Dec., 
1957, pp. 505-509. Translation. 


Semiconductor Current Regulation. M. E. A. 
Hermans. W. U. Tech. Rev., Jan., 1959, pp. 
35-43. 21 refs. Presentation of a method 
whereby very high or even negative output re- 
sistance may be obtained from a current regula- 
tor by the use of an active feedback network, thus 
eliminating the cascading of transistors. 


New Transistor Works at Cryogenic Tempera- 
tures. Samuel Weber. Electronics, Jan. 23, 
1959, pp. 34, 35. Description of a grain-bound- 
ary transistor fabricated from a bicrystal formed 
by two-crystal-lattice structures of different grain 
orientation. The properties exhibited by the 
boundary formed between the crystal lattice 
structures of different grain orientation are used 
to form structures similar to apn or pup junc- 
tions. 
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Telemetering 


Telemetry’s Job: Study Space. Electronic 
Des., Jan. 7, 1959, p. 22. Discussion of prob- 
lems and requirements of space telemetry. 


Transmission Lines 


Development of High-Power Pulsed Klystrons 
for Practical Applications. M. Chodorow, E. L. 
Ginzton, J. Jasberg, J. V. Lebacqz, and H. J. 
Shaw. JRE Proc., Jan., 1959, pp. 20-29. 


Kriticheskie Secheniia v Nereguliarnykh Vol- 
novodakh. B. Z. Katsenelenbaum. AN SSSR 
Dokl., Nov. 1, 1958, pp. 53-56. In Russian. 
Study of the problem of critical cross sections in 
nonregular wave guides, and derivation of a 
solution for the problem of a random wave in a 
rectangular nonregular wave guide of arbi- 
trary shape with ideal walls. 


Wave Theory 


The Numerical Solution of Differential Equa- 
tions Governing the Reflexion of Long Radio 
Waves from the Ionosphere. III. D. W. Bar 
ron and K. C. Budden. Royal Soc. (London) 
P Ser. A, Jan. 13, 1959, pp. 387-401. 12 refs. 


Variations in the Direction of Arrival of High- 
Frequency Radio aves. J. E. Titheridge. 
J. Atmos. & Terrestrial Phys., Dec., 1958, pp. 
17-25 Derivation of a general relation for 
determining the effect of a nonhorizontally uni- 
form ionosphere on the propagation of short 
radio waves. 


Model for the Propagation of Electromagnetic 
Waves in an Ionizing Medium. P. Szulkin. 
Acad. Pol. Sci. Bul., No. 5, 1958, pp. 261-264. 
Derivation of a model for the propagation of 
electromagnetic waves in an anisotropic and 
nonhomogeneous medium 


On the Approximate Daytime Constancy of the 
Absorption of Radio Waves in the Lower Iono- 
sphere. S. Chapman and K. Davies. J 
Atmos. & Terrestrial Phys., Dec., 1958, pp. 86 
89 


Some Relations Between the Bearing and 
Amplitude of a Fading Radio Wave. H. A. 
Whale and L. M. Delves. J. Atmos. & Terrestrial 
Phys., Dec., 1958, pp. 72-85. 


Equipment 


Self-Contained Electric-Hydraulic Accessory 
Power Unit. R.L. McManus. JAS 27th Annual 
Meeting, New York, Jan. 26-29, 1959, Rep. 59-10. 
13 pp. Members, $0.50; nonmembers, $1.00. 
Description of the design and operation of an 
auxiliary power unit for high-speed, high-alti- 
tude manned flight. Its requirements, the present 
status of its development, and problems encoun- 
tered are discussed. 


Turbopumps for High-Energy Propellants. 
A. Ginsburg, W. L. Stewart, and M. J. Hartmann. 
IAS 27th Annual Meeting, New York, Jan. 26 
29, 1959, Rep. 59-53. 15 pp. Members, $0.50; 
nonmembers, $1.00. Description of turbopumps 
to be used with three possible high-energy liquid 
propellants. Several fuel-oxidant combinations 
are discussed with emphasis centering on heated 
hydrogen for rocket applications. The differ- 
ences in the basic components (pumps, drive 
turbine, and gearing) are discussed. 


Electric 


Testing Aircraft Electrical Power Systems. 
M. J. Powell and R. A. Wallace. Auto. Control, 
Jan., 1959, pp. 24-26. Discussion of some pri- 
mary considerations involved in the installation 
of a systems testing laboratory. 


Hydraulic & Pneumatic 


Hydraulics for Missiles. F. T. Harrington 
Sperryscope, 4th Quart., 1958, pp. 7-9. Discus- 
sion on the role played by hydraulics in the missile 
program 


An Improved Strain Gauge Type of Load Cell 
Thrust Transducer. Appendix I—Calculation of 
Dimensions. Appendix II—Matching of Sensi- 
tivities. D.S. Dean. Gt. Brit., RAE TN R.P.D 
168, Aug., 1958. 18 pp 


Quick Guide to Product Selection. Appl 
Hydraulics & Pneumatics, Jan., 1959, pp. 59-156. 
Presentation of specification charts for various 
hydraulic and pneumatic components. 


Fuels & Lubricants 


New Cleanliness Standards Required for 
Handling Gas Turbine Fuels. Colin Campbell. 
Can. Aircraft Ind., Dec., 1958, pp. 4, 5, 30-33. 
Discussion on proper filtration, fuel handling 
equipment, and methods to increase the life of 
fuel system components and the safety of flight 
operations. 

Solid Propellant Aging. N. Fishman. Ord- 
nance, Jan.-Feb., 1959, pp. 681-683. Discus- 
sion of the effects of storage ageing on the reli- 
ability of a rocket. 


April 1959 


Application of Surface Decomposition Kinetic 
to Detonation of Ammonium Nitrate. W. q 


1959, pp. 49-51 12 refs. AFOSR-supported 
calculation of the detonation reaction time fo, 
ammonium nitrate using the kinetic rate data fq 
linear surface gasification in conjunction with 
the Eyring grain burning theory. A new rain 
burning mechanism is postulated. 


A Ballistic Bomb Method for Determining the 
Experimental Performance of Rocket Propel. 
lants. DN. Griffin, Ch. F. Turner, and G. T 
Angeloff. ARS J., Jan., 1959, pp. 15-19. " 
velopment of a method which allows performance 
evaluation at an early stage when only limite 
quantities of a new propellant are available. 


Ice Formation & Prevention 


Problema Dejivrarii Avioanelor. 
Rev. Transp., Sept 1958, pp. 441-4444 Ip 
Rumanian Discussion of the behavior of dif. 
ferent structural shapes under various icing con. 
ditions and description of the design and opera- 
tion of deicing devices used in classical and super. 
sonic aircraft 


D. -'Vochin 


Instruments 


A Radioactive Ionization Gage Pressure Meas- 
urement System. N. W. Spencer and R. L 
Boggess. ARS J., Jan., 1959, pp. 68-71. 


Flight Instruments 


Response, Accuracy and Display Require. 
ments for Take-Off Monitors. Appendix— 
Influence of Instrumentation Accuracy on Go-No 
Go System Performance. R. P. Snodgrass, 
IAS 27th Annual Meeting, New York, Jan. 26-29, 
1959, Rep. 59-76. 27 pp. Members, $0.50; non. 
members, $1.00. Analysis of the take off and 
the problem of monitoring aircraft performance 
during take off; the question of refusal is stressed 
The effects of wind, water on the runway, re. 
sponse-accuracy, and human factors require. 
ments are considered 


Gyroscopes 


Some Effects of Vibration and Rotation on the 
Drift of Gyroscopic Instruments. R. M. Stew- 
art. (ARS Semi-Annual Meeting, Los Angeles, 
June 9-12, 1958.) ARS J., Jan., 1959, pp. 22-28 
Description of possible analytical approaches to 
some significant mechanisms by which vibration- 
induced drifts may occur, and presentation of 
some means of alleviating them. 


Zatukhanie Sobstvennykh Kolebanii Giro- 
skopa v Kardanovom Podvese s Sukhim Treniem. 
D. M. Klimov. AN SSSR Dokl., Nov. 21, 1958, 
pp. 410-412. In Russian. Study of the motion 
of a stabilized gyroscope on a gimbal support with 
dry friction in order to calculate the damping of 
natural vibrations 


Panels & Dials 


Building Light Into Instruments for Daylight 
and Night Vision. V Orlando and J. 
Fraizer. Mach. Des., Jan. 8, 1959, pp. 118-123. 
Discussion of the advantages of built-in lights 
and of the various lighting assembly parts 
Light balancing and design problems due to heat 
are described. 


Temperature Measuring Devices 


A Thermometer for High-Speed Aircraft. 
D. D. Clark. J. Sci. Instr., Dec., 1958, pp. 433- 
439. 17 refs. Derivation of the principles of 
aircraft thermometer design. Its construction 
and application to supersonic flight are described. 
Wind-tunnel test results are discussed, and lag 
and radiation errors are calculated. 


Lighter-Than-Air 


High-Altitude Nighttime Balloons. Moses 
Sharenow. AMS Bul., Dec., 1958, pp. 648-651. 
Development of a balloon capable of attaining a 
bursting altitude of 100,000 ft. and suitable for 
tests in both tropical and temperature latitudes. 


Non-Rigid Airships. John Kevern. Aircraft? 
Missiles Mfg., Jan., 1959, pp. 34-37. Survey of 
design and construction details stressing the 
importance of weight distribution 


Machine Elements 


Bearings 


A Second Approximation Solution on the*Elas- 
tic Contact Problem. Loo Tsu-Tao. Scientia 
Sinica, Dec., 1958, pp. 1,235-1,246. _Presenta- 
tion of a solution for the pressure distribution be- 
tween two elastic bodies in contact. The theory 
contains the next higher order terms of its Tay- 
lor series expansion, in addition to the terms 
used by Hertz. The applicability of the theory ts 
illustrated on a specific case 
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Magnetic amplifier-type 


voltage and frequency 
reguiator 


26-29 volt DC input 


POWER PACKAGE 


spECIAL miss 


300 VA 
115 voit, 400 cycle, 3 phase 
AC output 
MISSILE INVERTERS—400 CYCLE OUTPUT 
(Incorporate Static Type Controls) 
Max. Designed 
28 An example of the Input Rated Output Altitude Approx. to Gev't 
VA at Rated Wt. Part 
Type Volts | Amps.| Volts | Phase Rating | Output Lbs. No. 
I 1500 
| 275 | 126 | 15 | 3 | 1800 20,000 | 37 
27.5 | 100 [115/200] 3 | 1500 | Unlimited] 65 = 
@ 32877 __| 27.5 | 180 |115/200| 3 | 3000 | Unlimited) 75 = 
~32B79__| 27.5 | 400 |115/200| 3 | 7000 | Unlimited] 115 = 
32676 | 275 | 20] 115 | 3 | 500 | 70000 [ 2 | — 
328122 | 27.5 | 150 |115/200/ 3 | 2500 | 50,000 | 65 = 
/ 1 2500 
‘Feed Con 32B41 27.5 | 150 | 115/200} 3 3000 50,000 68 - 
32B52 | 275 | 35 |115/200| } | 40,000 | 25 
. ~ 32B106 | 27.5 95 115 3 1400 | 35,000 44 _ 
3, 1 3500 
complete line 32827 | 27.5 | 285 | 115/200] 3 | 50.000 | 76 
GENERAL PURPOSE INVERTERS—400 CYCLE OUTPUT 
Max. Desi 
Vv at Rated Wt. Part 
Volts | Amps.| Volts | Phase Rating | Output ‘he: No. 
As aircraft and missile performance continue to step up, 275 | 1] | 1 
12126 275 2 26 3 10 35,000 | 23 | E1615 
Bendix Red Bank designers continue to lead the field in [75 22 [115/20] | 289 | 17 | esto 
developing new, high-performance inverters and power | 275 | 2 | 250 135,000 | 13 | €1617 
packages. | 2 | m5 | 3 | 20] 3500 | 13 — 
: 32601 | 275 | 35 | 115 | 3 | 500 | 50,000 | 26 | AN3533-1 
We now +r a complete line of inv s from 
offer a complete line o erters from 6 VAto Tas | us 11800 so.000 | 38 | 
7,000 VA, including advanced special- licati ni 
» including advanced special-application units [275 | 52 [115/200 730 | 50,000 | 35 | €52805-2 
and missile type power packages like the one shown above. | 275 1 126 1115 1750 | 50,000 | 54 | S3c6767 
15 
If we don’t have an inverter to meet your specific needs, | 1518 275 | 126 | 1s | 3 | 13% | 20000 | 37 i 
we'll design one. For full details, write RED BANK DIVISION, 32606 | 27.5 | 160 |115/200] 3 | 3909 | 50,000 | 56 | £1725 
: 32E03-3 | 27.5 150 115 1 2500 | 50,000 58 53B6227 
BENDIX AVIATION CORPORATION, EATONTOWN, NEW JERSEY. i — 
32E03-9 | 27.5 | 160 | 115/200) 3 | 50.000 | 58 | £54807 
West Coast Sales and Service: 117 E. Providencia Ave., Burbank, Calif. 1 1 2500 
Canadian Affiliate: Computing Devices of Canada, Ltd., P. O. Box 508, Ottawa 4, Ont. 32E09 27.5 160 115 3 3000 50,000 60 = 
Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 
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Rotating Discs & Shafts 


Plastic Design of Rotating Discs. 
Heyman. IME Proc., No. 14, 
Communications, pp. 542-547; 
p. 547. 17 refs. 

The Coaxial Circular Disc Problem. J. C 
Cooke. ZAMM, Sept.-Oct., 1958, pp. 349-356 
Presentation of a semiempirical method used to 
complement Maxwell's approximate calculation 
The case of a disc rotating slowly in a coaxial 
cylinder filled with viscous fluid is treated as an 
example. 


Jacques 
1959, pp. 531-541 
Author’ s Reply 


Materials 


Ceramics & Ceramals 


Designing with Brittle Materials. W. H 
Duckworth. Materials in Des. Eng., Jan., 1959 
82-85 Discussion on the importance of 
adjusting component design, interpreting prop 
erty data, and getting optimum material quality 
for successful mechanical design 
Current Problems in the Production of Mag- 


netic Ceramics. George Economos. 
LIR TR 131, Nov., 1958. 7 pp. 
Measurements of Total Hemispherical Emis- 
sivity of Several Stably Oxidized Metals and 
Some Refractory Oxide Coatings. W.R. Wade. 
U.S., NASA Memo. 1-20-59L, Jan., 1959. 30 
pp. Description of the apparatus and methods 
used, and presentation of experimental results. 
The metals tested included type 347 stainless 
steel, tungsten, and Haynes alloys B, C, X, and 
25. The refractory oxide coatings were flame- 
sprayed alumina and zirconia 
New Aspects in _ Ceramic Coatings. 
Huppert (ASME-ARS Av. Conf., Dallas, 
Mar. 17-20, 1958.) ars J., Jan., 1959, pp. 19- 
21 10 refs. Description of recent achievements 
in modifying conventional ceramic coatings and 
application techniques, and _ discussion of 
lithium compounds as prime modifying constitu- 
ents 


MIT 


Corrosion & Protective Coatings 


Corrosion Tests with Experimental Chromate- 
Pigmented Jointing Compounds. Appendix— 
Limits of Composition of Metallic Materials. 


BREEZE i: 
= ahead, iv... 


STARTER GENERATORS 


VG 460 * 30 VOLTS 
75 AMPERES 


VG 600 * 30 VOLTS 
100 AMPERES 


VG 840 ¢ 30 VOLTS 
100 AMPERES 
HIGH SPEED 


200 AMPERES 


Write for technical data. 


BREEZE PRODUCTS: ACTUATORS * 
STARTER GENERATORS + BELLOWS 
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VG 1000 * 30 VOLTS 


HOISTS + TRANSMISSIONS « 


SLIP RINGS + HOSE CLAMPS + HITEMP FLEXIBLE TUBING 


Ten solid years of design, development 
and manufacture have given Breeze 
unmatched experience in solving the 
problems of special starter generator 
equipment. Our equipment is designed 
to high performance needs in critical 
applications . . . with special emphasis 
on SMALL GAS TURBINE EN- 
GINES. It has been tested and proved 
in trainer aircraft, target drones, heli- 
copters and related ground support 
equipment. Our engineers know this 
subject thoroughly. —_ experience in 
this field has no equal 


CORPORATIONS INC. 
700 LIBERTY AVENUE + UNION, N. J. 
GENERATORS + STARTERS 
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Savage and H.G. Cole. Gi. Brit., 


RAE,Ty 
Met. 291, July, 1958. 14 pp. 


High Temperature 


Effect of a Ceramic Coating on the Creep Be 
havior of Some High-Temperature Alloys. J. R 
Cuthill, J. C. Richmond, and N. J. Tighe. (Ay 
Ceram. Soc. 58th Annual Meeting, New Yor 
Apr. 23,1956.) Am.Ceram. Soc. Bul., Jan., 1959 
pp. 4-12. 14 refs. Experimental investigation, 
showing that ceramic coating markedly decrease 
the creep or extension in most cases, but has 
detrimental effect at certain combinations ¢ 
temperature and stress 


Aliajele Refractare Folosite 
Turboreactoarelor de Aviatie. 
and Constantin Mincu. Rev 
1958, pp. 513-520. l4refs. In Rumanian. QOyt. 
line of working conditions and temperature re 
quirements for main parts of jet power plants 
as well as survey of refractory alloys used. 3 


Metals & Alloys 


Issledovanie K §-Gruppy Rentgenovskog 
Spektra Margantsa v Splavakh Sistemy Mn-Nj, 
V. A. Kazantsev AN SSSR _ Dokl., Nov. 2 
1958, pp. 449-452. 10 refs. In Russian. In. 
vestigation of the K 8-group of manganese X-ray 
spectra in alloys of the Mn-Ni system. Experi. 
mental results include the composition of alloys 
the effect of temperature, and the transition to 
the paramagnetic state. 


in Constructiy 
Pascal Popescy 
Transp., Oct 


Issledovanie Sistemy SnTe-GeTe. N. Kh 
Abrikosov, A. M. Vasserman, and L. V. Porets. 
kaia. AN SSSR Dokl., Nov. 11, 1958, pp. 279 


281. 12 refs. In Russian 
of the behavior of ternary 
covering microhardness 
analysis. 

Termodinamicheskie Svoistva Tverdykh Rast- 
vorov Cu-Ni i Fe-Co. Ia. I. Gerasimov, A. A 
Vecher, and V. A. Geiderikh. AN SSSR Dokl, 
Oct. 11, 1958, pp. 834-836. 11 refs. In Russian, 
Experimental determination of thermodynamic 
properties of Cu-Ni and Fe-Co solid solutions. 

Mach 3 Metal. Ryan Reporter, Oct. 10, 1958, 
pp. 9-11, 26. Development of a corrugated 
stainless-steel sheet for high-temperature struc. 
tural purposes 


Experimental study 
systems Sn-Ge-Te 
tests thermal 


Metals & Alloys, Nonferrous 


Premiéres Micrographies Optiques Montrant 
les Sources Multiplicatrices de Dislocations dans 
Alliage Aluminium-Cuivre a %. 
Jacquet. La Recherche Aéronautique, Nov.-Dec., 
1958, pp. 53, 54. In French. Presentation of 
experimental results on multiplicative disloca- 
tion sources for Al-Cu (4 per cent ) alloys ob- 
tained by means of optical micrography. 

A Status Report on Heat, Wear and Corrosion 
Resistant Molybdenum Coatings. H. W. 
Schultze, R. R. Freeman, and J. Z. Briggs. Mate- 
rials in Des. Eng., Jan., 1959, pp. 76-81. Discus- 
sion of the properties and use of molybdenum 
coatings. The latest information on applica- 
tion techniques is summarized. 


A Study of the Grain Boundary Reaction of Mg- 


Al Alloys. Ryoji Watanable and Shigeyasu 
Koda. Hokkaido Gakugei U. J., Sect. B, Dec., 
1957, pp. 65-77. 17 refs. In Japanese. Study 


of the grain boundary 
Mg-Al alloys containing 7.02, 8.87, and 10.74 
per cent Al, respectively. The rate of growth of 
nodules of the grain boundary reaction is obtained 
and the characteristics of the reaction are investi- 
gated. 

Lithium, a Promising Alloying Element. 
P. D. Frost. Battelle Tech. Rev., Jan., 1959, pp. 
3-8. Discussion of the promising values of 
lithium as an alloying element and of the factors 
affecting its future use. The usefulness of lith- 
ium alloys for structural and nuclear-energy ap- 
plications is described 

Magnesium Forgings Save Weight. L. E. 
Wilensky. Materials in Des. Eng., Jan., 1959, 
pp. 92-94. Discussion of the advantages and 
application of magnesium forgings; design sug- 
gestions are made. 

Slope Casting Test Results on Some Estab- 
lished and Experimental Magnesium Casting 
Alloys. D. J. Whitehead. Light Metals, Dec. 
1958, pp. 391-395. Investigation covering such 
factors as the influence of section thickness and 
imperfect feeding conditions on the incidence of 
microporosity and tensile properties. Test fe- 
sults are presented and discussed. 


reaction phenomena of 


Nonmetallic Materials 


Properties of Foams and Laminates Under 
Shock Loading. R. H. Supnik and Melvin 
Silberberg. SPE J., Jan., 1959, pp. 43-47. 

The Choice of Resilient Materials for Anti- 
Mountings. J. C. Snowdon. Brit. 

Appl. Phys., Dec., 1958, pp. 461-469. 12 refs. 
Development of criteria to define good antl 
vibration mount material. It is concluded that 
such a material should possess a high damping 
factor which does not increase greatly with fre- 


(Continued on page 120) 
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ACOUSTICS, SOUND, NOISE 


STATISTICAL EVALUATION OF NEAR-FIELD 
SOUND PRESSURES GENERATED BY THE EX- 
HAUST OF A HIGH-PERFORMANCE JET ENGINE, 
E, C. Kamps. ASA J., Jan., 1959, pp. 65-67. 
Study concerned with the establishment of the level 
and the rate of occurrence of peak pressures in re- 
lation to the commonly measured r.m.s. level. A 
method is presented which enables the determination 
of these qualities from r.m.s. soundpressures re- 
corded on magnetic tape. Also includedare typical 
results obtained from near-field sound pressures 
generated by the jet exhaust of a G-E CJ805 engine, 
Results indicate that (1) occurrence of peak pres- 
sures does not follow a Rayleigh distribution, (2) 
peak pressure distribution is not altered by the 
physical position related to the jet stream nor does 
it appear to be a function of frequency, (3) a max- 
imum ratio of peak to r.m.s. pressure is shown 
to exceed four. 


THE VIBRATIONS OF A THIN-WALLED STIFF- 
ENED CYLINDER IN AN ACOUSTIC FIELD. Ap- 
pendix - DETAILS OF THE CALCULATION FOR 
THE PLANE WAVE EXCITATION OF THE STIFF- 
ENED CYLINDER, J. H. Foxwell and R. E, 
Franklin. Aero. Quart., Feb., 1959, pp. 47-64. 
10 refs. Calculation of the modes of vibration ofa 
structure,taking into account the surrounding me-~ 
dium. A two-dimensional problem is considered, 
covering an infinitely long stiffened cylinder ina field 
of plane simple harmonic sound waves, the wave 
fronts of which lie in a plane which is parallel to 
the plane formed by the cylinder axis and a cylin- 
der generator. The displacements may be repre- 
sented by a Fourier series, each term correspond 
ing to a mode of deformation and the coefficients 
to the generalized Lagrangian coordinates. 


AERODYNAMICS, FLUID MECHANICS 


Aerothe rmodynamics 


ON THE APPLICATION OF LIEPMANN'S HEAT 
TRANSFER FORMULA, R. M. Mark. Lockheed 
Aircraft Missile Systems Div. TR LMSD-4838]l, 


(49) 


April, 1959 


vol.I, Jan., 1959, pp. 155-164. Calculation of the skin 
friction, using an approximate expression for the 
total enthalpy, for the case of high Mach Number 
flows with nonuniform pressure distributions on 
nonisothermal surfaces. Theheattransfer distribu- 
tion is then calculated by means of Liepmann's heat 
transfer formula. The comparison of the approxi- 
mate results with exact solutions shows that the 
present simplified method yields results that are 
within engineering tolerances. 


INFLUENZA DEL TRASPORTO DI MASSA SUL 
COEFFICIENTE DI CONVEZIONE, Ill - STRATO- 
LIMITE-TERMICO CON ASPIRAZIONE, IN REGE 
ME LAMINARE, PER FLUIDI A NUMERO DI 
PRANDTL 1. Giuseppe Trapanese. L!'Aero- 
tecnica, Oct., 1958, pp. 285-292. 12 refs. InI- 
talian. Analysis covering the influence of conden- 
sation at Prandtl Numbers = 1 on the boundary 
layer of a flat plate. The variation of the local 
thermal convection coefficient h with Prandtl Num- 
ber and condensation is discussed. The convection 
coefficient can be deduced as a function of the 
known parameters by means of appropriate dia- 
grams. Includes a comparison of theoretical re- 
sults with those obtained experimentally. 


AXISYMMETRIC STAGNATION POINT MASS- 
TRANSFER COOLING. H. Hoshizaki and H. J. 
Smith. Lockheed Aircraft Missile Systems Div. 
TR LMSD-48381, vol. I, Jan.,1959, pp. 45-114. 12 
refs. Analysis of the effect of helium injection into 
the boundary layer in the vicinity of an axisymme- 
tric stagnation point. Helium was chosen as the 
coolant because of its high heat capacity. The fluid 
properties are assumed to be functions of both the 
mixture temperature and the concentration of the 
foreign gas. For simplicity, the boundary layer 
is considered to be a "binary mixture" of helium 
and dissociated air. The diffusion of oxygen and 
nitrogen atoms is neglected, although the thermal 
and transport properties used for air are dissoci- 
ated equilibrium values. Velocity, temperature, 
and helium concentration profiles in the boundary 
layer are presented for various stagnation pres- 
sures, stagnation temperatures, wall cooling ra- 
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tios, and mass injection rates. Design curves 
which enable the designer to determine the injec- 
tion rate necessary to maintain a specified wall 
temperature are also presented. 


SOME FINITE DIFFERENCE SOLUTIONS OF 
THE LAMINAR COMPRESSIBLE BOUNDARY LAY- 
ER SHOWING THE EFFECTS OF UPSTREAM 
TRANSPIRATION COOLING, Appendix A - MATH. 
EMATICAL DESCRIPTION OF THE SOLUTION. 
Appendix B - THE FINITE DIFFERENCE SOLU- 
TION AND THE RUBESIN AND INOUYE THERMAL 
ANALYSIS. Appendix C - COMPUTER PROGRAM 
MODIFICATIONS. J. T. Howe. US, NASA Memo. 
2-26-59A, Feb., 1959. 33 pp. 12 refs. Applica- 
tion of the finite difference method to the deriva- 
tion of three numerical solutions of the partial dif- 
ferential equations describing the laminar bounda- 
ry layer. The solutions apply to steady-state su- 
personic flow without pressure gradient, (a) over 
a cold wall and over an adiabatic wall, both having 
transpiration cooling upstream, and (b) over an 
adiabatic wall with upstream cooling but without 
upstream transpiration. It is shown that, for a 
given upstream wall temperature, upstream tran- 
spiration cooling affords much better protection to 
the adiabatic solid wall than does upstream cooling 
without transpiration. A comparison of the results 
of numerical solutions with those of approximate 
solutions is made. 


THE EFFECT OF VEHICLE DECELERATION 
ON A MELTING SURFACE, D. M., Tellep. 
Lockheed Aircraft Missile Systems Div. TR 
LMSD-48381, vol. I, Jan.,1959, pp. 115-154. ll refs, 
Analysis of the characteristics of a molten layer 
when subjected to deceleration forces. Pyrex glass 
is chosen as an exarnple; numerical solutions based 
upon a similarity transform are provided, and ap- 
proximate analytic solutions are obtained. It is 
found that deceleration tends to thicken the film, 
increase the interface temperature, and reduce 
the melting rate. Reverse flow occurs in portions 
of the film for sufficiently high decelerations, and 
an approximate expression is obtained for predict- 
ing the magnitude of the deceleration which causes 
reverse flow. The overall effect of deceleration, 
taking into account the coupling between the gase- 
ous and liquid boundary layers, is discussed, 


UBERTRAGUNG DER GORTLER'SCHEN 
REIHE AUF DIE BERECHNUNG VON TEMPERA- 


. TURGRENZSCHICHTEN, I. E. Wrage. DVL 
Bericht No. 81, Dec., 1958. 45 pp. 12 refs. 


Westdeutscher Verlag, K8ln & Opladen. In Ger- 
man. Application of G&rtler series for determin- 
ing the velocity fields to the calculation of thermal 
boundary layers. The universal functions for cal- 
culating the temperature field can be used in case 
of the thermometer problem for given variable 
wall temperature, as well as for given mixed 
boundary layers at the wall. 


THE MELTING OF FINITE SLABS. T. R. 
Goodman and J. J. Shea. Allied Res. Assoc. 
(AFOSR TN 58-824) [AD 202908], Aug. 15, 1958. 
40 pp. Development of an approximate method, 
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known as the heat balance integral, to determine 
the melting rate of a finite slab which is initially 
at a uniform temperature below the melting point, 
The slab is acted upon by a constant heat input at 
one face and has its other face either insulated or 
kept at its initial temperature. The first three 
terms of series solutions in an intrinsically small 
parameter are obtained for the time histories of 
melting and temperature distribution in the slabs, 


Boundary Layer 


AN EQUATION FOR THE MEAN VELOCITY 
DISTRIBUTION OF BOUNDARY LAYERS. V. A, 
Sandborn. US, NASA Memo. 2-5-59E, Feb., 1959, 
47 pp. 2b seis. Development of a general relation, 
empirical in origin, for the mean velocity distri- 
bution of both laminar and turbulent boundary lay- 
ers. The equation, in general, accurately describes 
the profiles in both laminar and turbulent flows, 
The calculation of profiles is based on a prior 


knowledge of momentum, displacement, and bounée 


ary-layer thickness together with free-stream cor 
ditions. For the inner or turbulent boundary lay- 
ers the present relation agrees very closely with 
experimental measurements even in cases where 
logarithmic law of the wall is inadequate. A unique 
relation between profile form factors and the ratio 
of displacement thickness is obtained for turbulent 
separation. A similar criterion is also obtained 
for laminar separation. These relations are dem 
onstrated to serve as an accurate criterion for i- 
dentifying separation in known profiles. 


DAS VERHALTEN DER DREIDIMENSIONALEN, 
LAMINAREN GRENZSCHICHTSTROMUNG BEI 
ZUNEHMENDEN ANSTELLWINKELN. J. A. Zaat. 
Netherlands, NLL TN F.215, Oct. 5, 1958. 27 pp. 
In German. Investigation of the behavior of three- 
dimensional laminar boundary layers with increas- 
ing incidence. The applicability of a simplified 
method, based on momentum equations in stream- 
line coordinates, is demonstrated. The boundary 
layer is calculated for a yawed cylinder at angles 
of incidence of 6° and 12°, and the numerical re- 
sults are evaluated. 


BOUNDARY-LAYER TRANSITION ON HOLLOW 
CYLINDERS IN SUPERSONIC FREE FLIGHT AS 
AFFECTED BY MACH NUMBER AND A SCREW- 
THREAD TYPE OF SURFACE ROUGHNESS. C. 
S. James. US, NASA Memo. 1-20-59A, Feb., 
1959. 49 pp. 31 refs. Results of tests conducted 
over a Mach Number range from 2,8 to 7.0 ata 
nominally constant Reynolds Number of 3 million 
per in. Transition Reynolds Number is found to 
increase with increasing Mach Number at a rate 
depending simultaneously on Mach Number and 
roughness height. The laminar boundary layer is 
found to tolerate increasing amounts of roughness 
as Mach Number increases. For a given Mach 
Number an optimum roughness height is found 
which gives a maximum laminar run greater than 
that obtained with a smooth surface. 


THE SMALLEST HEIGHT OF ROUGHNESS CA- 
PABLE OF AFFECTING BOUNDARY-LAYER 
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correlated by the roughness Reynolds Number. 
| value of this Reynolds Number depends primarily 
' onthe Mach Number at the top of the roughness. 
» When this Mach Number is greater than one, the 


' INTERACTION. A. K. Roy. 


TRANSITION. Appendix - AN IMPROVED PHYSI- 
CAL MODEL FOR THE COMPRESSIBLE FLOW 
PAST AN ISOLATED BIT OF ROUGHNESS. A. M. 
0, Smith and D. W. Clutter. J. Aero/Space Sci., 
Apr., 1959, pp. 229-245, 256. 39 refs. Extension 
of a previous investigation covering critical rough- 
ness in low-speed flow to include the effects of 

high Mach Number. Analysis of the available data 
on critical roughness in supersonic flow indicates 
that roughness (as in subsonic flow) may still be 
The 


roughness Reynolds Number, based on conditions 


behind the shock, is probably the characteristic 


parameter. A third method for calculating the 
roughness Reynolds Number, in addition to those 
presented in the original work, is appended. 


ESTIMATION OF THE CRITICAL VISCOUS 
SUB-LAYER IN SHOCK WAVE BOUNDARY LAYER 
ZAMP, Jan. 25, 

1959, pp. 82-89. Determination of the critical 
sublayer thickness, using experimental data optain- 
ed by Liepmann, Roshko, and Dhawan. Results 
indicate that, when expressed in terms of the un- 
disturbed boundary thickness, the ratio of the crit- 
ical viscous sublayer to the total boundary-layer 
thickness is approximately 1/10 in the laminar case 
and 1/100 in the turbulent case. These results sup- 
port Lighthill's conjecture that the critical viscous 
sublayer is very small and well inside the so-call- 
ed laminar sublayer in the turbulent case. 


THE STEADY COMPRESSIBLE LAMINAR 
BOUNDARY LAYER, WITH ARBITRARY PRES- 
SURE GRADIENT AND UNIFORM WALL TEMPER- 
ATURE, N. Curle. Royal Soc. (London) Proc., 
Ser. A, Jan. 1, 1959, pp. 206-224. 17 refs. Pres- 
entation of a simplified method for dealing with the 
effects of heat transfer from a uniform tempera- 
ture wall. An approximate integral is derived 
from the energy equation by expressing the total 
temperature as a quadratic function of velocity, 
the Prandtl Number being taken as unity. The 
three coefficients are chosen to satisfy the two 
temperature boundary conditions and to give the 
correct temperature profile in the outer part ofthe 
boundary layer. Comparison with exact theory in- 
dicates that an error in the predicted separation 
position increases with Mach Number and is about 
20% and 40% at Mach Numbers of 3 and 4, respec- 
tively, A detailed distribution of skin friction 
gives similar accuracy. A tentative empirical 
correction reduces the error to about 10% ata 
Mach Number of 4, 


FLUCTUATION MEASUREMENTS IN SUPER- 
SONIC TURBULENT BOUNDARY LAYERS. A, L. 
Kistler. US, BRL Rep. 1052, Aug., 1958. 53 pp. 
l0refs. Presentation of measurements of the fluctu- 
ation ina boundary layer without pressure gradient or 
heat transfer for Mach Numbers up to 4.67. Re- 
sults show that the distribution of the static tem- 
perature fluctuation levels through the boundary 
layer is similar at the various Mach Numbers and 
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the levels are proportional to the mean static tem- 
perature difference across the boundary layer. The 
velocity fluctuation levels decrease slightly with 
increasing Mach Number. A high negative correla 
tion exists between the velocity and temperature 
fluctuation at all Mach Numbers, 


EXPERIMENTAL INVESTIGATION OF THE 
PRESSURE RISE REQUIRED FOR THE INCIPIENT 
SEPARATION OF TURBULENT BOUNDARY LAY- 
ERS IN TWO-DIMENSIONAL SUPERSONIC FLOW. 
D. M. Kuehn. US, NASA Memo. 1-21-59A, Feb., 
1959. 48 pp. Study made on two-dimensional 
compression corners, curved surfaces, and inci-~ 
dent-shock models. The tests were conducted 
over a range of Reynolds Numbers, based upon 
boundary-layer thickness, from 1.5 x 10* to 7.5.x 
104 and Mach Numbers from 1.6 to 4.2. Results 
show that Mach Number, Reynolds Number, and 
model shape are important variables affecting 
the pressure-rise ratio for incipient separation. 
Observations are also made of the degree of un- 
steadiness associated with various separated flows 
when the conditions for incipient separation have 
been exceeded, 


Control Surfaces 


LOW REYNOLDS NUMBER AERODYNAMICS 
OF FLAPPED AIRFOILS AT SUPERSONIC 
SPEEDS. J. L. Amick and G, F. Carvalho. 
USAF WADC TR 58-466 [AD 155854], Sept., 1958. 
85 pp. 2l refs. Theoretical and experimental in 
vestigation of plain and flapped airfoils at Reynolds 
Numbers sufficiently low to preclude transition in 
separated mixing layers. The theoretical results 
are based on a semiempirical equation for the 
pressure rise at laminar separation. Experimen-~ 
tal results are in general agreement with theoreti- 
cal predictions of lift when laminar separation is 
taken into account. The lift due to flap deflection 
at zero angle of attack is about half that obtained at 
Reynolds Numbers high enough to give turbulent 
flow. 


Flow of Fluids 


SOME NONLINEAR EFFECT IN COMPRESSI- 
BLE FLOW. Haruo Moriguchi. Phys. Soc. Japan 
J., Dec., 1958, pp. 1, 510-1, 516. Application of 
the Imai method to study the two-dimensional po- 
tential flow of a compressible fluid past a family 
of cylindrical profiles with two parameters includ- 
ing an elliptic cylinder and a Kaplan bump. The 
effect of free-stream Mach Number on the curva- 
ture variation of the velocity distribution is analyz 
ed, and a comparison with the case of Cherry's 
profile is made. An example shows thatthe surface 
velocity distribution changes its character with in- 
creasing Mach Number. 


A LINEARIZED METHOD OF CHARACTERIS- 
TICS FOR DETERMINING BODY AERODYNAMIC 
FORCES AT ANGLE OF ATTACK. Appendix A ~ 
DETERMINATION OF w2. Appendix B - CONDI- 
TION BEHIND SHOCK. Appendix G - REAL GAS 
SPEED OF SOUND EXPRESSION. Appendix D - 
ROTATION OF FLOW. Appendix E - RELATION 
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BETWEEN a AND a). J. J. Der. Lockheed Air-~ 
craft Missile Systems Div. TR LMSD-4838], vol. 
Ul, Jan., 1959, pp. 109-138. Modification of the 
axially symmetric method of characteristics for 
the determination of the flow field around bodies of 
revolution at small angles of attack. The first- 
order perturbation velocity which is introduced 
yields a simple perturbation equation of motion, 
The perturbation equation, in turn, is transformed 
into a finite difference equation readily integrable 
along known characteristic lines. Real gas effects 
are taken into account in determining the flow prop 
erties. 


AN EXTENSION OF SECOND-ORDER SHOCK 
EXPANSION THEORY. R. Capiaux. Lockheed 
Aircraft Missile Systems Div. TR LMSD-4838]l, 
vol, Il, Jan., 1959, pp. 63-99. Presentation of a 
second-order shock expansion method to deter- 
mine the pressure distribution on bodies of revo- 
lution at angles of attack equal or close to zero. 
Normal force and moment derivative expressions 
for angles of attack approaching zero are also de- 
rived, and approximate expressions for bluntnosed 
bodies are presented. Findings from experimental 
data and results from other methods of solution 
are used for simplification purposes. 


INVESTIGATION OF SPHERICAL-WAVE-INI- 
TIATED FLOW FIELDS AROUND BODIES, Ap- 
pendix - COMPUTATION OF BLAST FLUID FLOW, 
D. R. McFarland. US, NASA Memo. 1-6-59L, 
Feb., 1959. 48 pp. 12 refs. Application of a bul- 
let-optical technique to obtain measurements of 
the velocity fields and vortex movements about var- 
ious blunt-shaped bodies undergoing a spherical 
blast wave with a peak positive overpressure of 4 
psi. The velocity flow fields are shown at various 
flow times following passage of the blast front for 
different models. Vortex movements with time are 
compared for square-bar models of various aspect 
ratios, Schlieren photographs indicate that the 
leading-edge vortex dissipates faster than the trail. 
ing-edge vortex. Results show that corner sharp- 
ness has no discernible effect on the overall dis- 
turbed velocity fields or vortex movements for the 
square-bar models used. 


INCOMPRESSIBLE VISCOUS FLOWS PAST PA- 
RABOLOIDS. R. M. Mark. Lockheed Aircraft 
Missile Systems Div. TR LMSD-48381, vol.I, Jan., 
1959, pp. 1-7. Derivation of an analytical solution 
of the Navier-Stokes equations for incompressible 
viscous flow in the region far downstream of the 
nose of paraboloids. The solution is uniformly 
valid across the whole viscous layer for the com- 
plete range of Reynolds Numbers based on the fo- 
cal length. 


MEASUREMENT OF TWO-POINT CORRELA- 
TIONS OF THE SURFACE PRESSURE ON A CIR- 
CULAR CYLINDER, V. Prendergast. UTIA TN 
23 (AFOSR TN 58-861) [AD 203674], July, 1958. 

28 pp. Test results from two-point correlations 
of the surface pressure on a cylinder mounted at 
right angles to the flow. The curves of correlation 
coefficient versus hole spacing didnot follow the ex- 
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pected form, in that the correlation curves ap- 
proached a constant value rather than zero, as the 
hole spacing was increased to very large values, 
Three possible explanations are offered but none ig 
completely satisfactory. A correction involving a 
simple scale expansion has been employed to alter 
the form of the curves so that they approach zero 
at large hole spacings, which appears to give at 
least a good first approximation to the ideal free- 
field, rigid-cylinder correlation, 


SLENDER BODY OF REVOLUTION AT HYPER. 
SONIC SPEEDS - AN APPROXIMATION TO THE 
DETERMINATION OF THE FLOW FIELD. R, 
Capiaux. Lockheed Aircraft Missile Systems Div, 
TR LMSD-48381, vol. I, Jan., 1959, pp. 101-108, 
Derivation of a simple method to determine the 
flow field around bodies of revolution flying at hy- 
personic speeds and zero angle of attack. The 
small disturbance equation of motion is examined, 
and a simple solution in the plane transverse tothe 
body axis is found. The solution predicts the flow 
field around the body as well as the position of the 
shock wave. A similarity parameter is introduced 
whereby the flow field depends uniquely on the value 
of the local hypersonic similarity parameter. 


SUPERSONIC FLOW AROUND BLUNT BODIES - 
AN EXTENSION OF VAN DYKE'S TECHNIQUE, Ap 
pendix - INITIAL CONDITIONS FOR THE BLUNT 
BODY PROBLEM. M. Vinokurand R,. W. Sanders, 
Lockheed Aircraft Missile Systems Div. TR LMSD- 
48381, vol. I, Jan., 1959, pp. 41-56. Extension 
of Van Dyke's numerical method for the supersonic 
blunt-body problem to include real gas effects and 
to broaden the class of bodies generated. Several 
changes in the procedure followed by Van Dyke are 
made to obtain more accurate results. A sample 
flow calculation is presented. Results are discuss 
ed and a graphical representation is made of the 
body and sonic line resulting from a hyperbolic 
shock for M = 6.0 and of the pressure distribution 
over the same body as a function of the body angle. 


IN VISCID HYPERSONIC FLOW AROUND BLUNT 
BODIES. M. Vinokur. Lockheed Aircraft Missile 
Systems Div. TR LMSD-48381, vol. Il, Jan., 1954 
pp. 1-39. 2l refs, Analysis of the inviscid super 
sonic blunt body problem. The difficulties in get- 
ting accurate analytic solutions are discussed, The 
equations for the general problem are formulated 
and a method for finding the constant density solu- 
tion for arbitrary bodies is indicated. The case of 
an oblate ellipsoid of revolution is worked out in 
detail for illustration purposes. The solution re- 
duces to that of Lighthill for a sphere. Results 
are discussed and compared with those of other 
theories and with available experimental data. 


HYPERSONIC FLOW NEAR THE FORWARD 
STAGNATION POINT OF A BLUNT-NOSED BODY 
OF REVOLUTION, Hakuro Oguchi. Tokyo U. 
Aero. Res. Inst. Rep. 337, Nov., 1958. 209 pp. 
12 refs. Presentation of a theoretical method that 
takes into account the effect of viscosity and makes 
the simplifying assumptions that the flow is in- 
compressible downstream of the shock wave, and 
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the. radial distance r is nearly equal to the distance 
x measured along the surface from the stagnation 
point. The method yields the solution of the Nav- 
jer-Stokes equations; however, the solution can 
only be evaluated by numerical integration. An al- 
ternative method is presented, yielding an analyti- 
cal expression of the solution, applicable only to 
the case of large Reynolds Numbers. Results ob- 
tained by both methods show good agreement. It 

is concluded that there exists a similar solution 
consistent with the conditions both at the shock 
wave and on the body surface. The surface pres-~ 
sure coefficient obeys the modified Newtonian law 
independently of the viscosity effect. 


SURFACE PRESSURE DISTRIBUTION ON 
BLUNT BODIES AT SUPERSONIC SPEEDS. R. M 
Mark. Lockheed Aircraft Missile Systems Div. 
TR LMSD-48381, vol. UO, Jan., 1959, pp. 57-62. 
Analytical determination of the pressure distribu- 
tion in the stagnation-point region of blunt bodies 
using the governing inviscid flow equations. The 
effect of the compressibility of the fluid in the ro- 
tational flow region between the curved, detached 
shock wave and the body is studied. Some sympli- 
fyipg approximations are made, and the results 
are found to be in good agreement with experimen- 
tal data. 


AN EXPERIMENTAL INVESTIGATION OF 
BLUNT BODY STAGNATION POINT VELOCITY 
GRADIENT. J. C. Boison and H. A. Curtiss. 

ARS J., Feb., 1959, pp. 130-135. 14 refs. Test 
results on five axisymmetric spherical-segment 
shapes ranging in bluntness from concave to the 
equivalent of hemispherical. Experiments cuver- 
ed Mach Numbers of 2.01, 3.01, and 4.76 and 
Reynolds Numbers based on body diameter from 
lto1.5 million. Pressure distributions were ob- 
tained to a high degree of accuracy by microma- 
nometer techniques and by the use of numerous 
pressure orifices. A correlation of stagnation 
point velocity gradient with a bluntness parameter 
based on the sonic point coordinates is obtained. 
Modified Newtonian theory is found to be reasona- 
bly accurate for predicting the stagnation velocity 
gradient of near-hemispherical shapes, but current 
theories for a truncated cylinder predicted values 
considerably greater than the experimental results, 
As a by-product,two shock detachment correlations 
are obtained, one using an effective nose radius 
parameter to compare bodies of varying bluntness 
with shock density ratio, and the other using a 
bluntness parameter to obtain an almost linear 
variation of shock detachment distance and shock 
sonic point location. 


THEORY OF THIN AIRFOILS IN FLUIDS OF 
HIGH ELECTRICAL CONDUCTIVITY. W. R, 
Sears and E, L, Resler, Jr. Cornell U. Grad. 
Sch, Aero, Eng. Rep. (AFOSR TN 58-973) [AD 
205599 ], Aug., 1958. 38 pp. Study of the steady 
flow of an incompressible fluid past thin cylindri- 
cal bodies with parallel and perpendicular orienta- 
tion of the magnetic field to the uniform stream. 

In the first case, the flow of an infinitely conduct- 
ing fluid is shown to be irrotational and current- 
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free except for surface currents at the walls of the 
obstacles. With large but finite conductivity the 
surface currents are replaced by thin boundary 
layers of large current density. In the secondcase, 
for infinite conductivity the flow field is made up of 
an irrotational current-free part and a system of 
waves involving currents and vorticity extending 
out from the body. For large, finite conductivity 
these waves attenuate exponentially with distance 


from the body. The forces on sinusoidal walls are 
calculated for both cases. 


MAGNETOHYDRODYNAMIC FLOW IN A SHOCK 
TUBE. M. Mitchner. Lockheed Aircraft Missile 
Systems Div. TR LMSD-48381, vol. Ill, Jan., 
1959, pp. 1-34. (Also in Phys. Fluids, Jan.-Feb., 
1959, pp. 62-71.) Analysis of the effect of atrans- 
verse magnetic field on the motion of a perfectly 
conducting fluid in a shock tube. A generalized 
form of the Riemann invariant for the continuous 
motion of such a fluid is combined with the con- 
servation equations for a magnetohydrodynamic 
shock to obtain an exact description of the fluid 
motion in a shock tube in terms of arbitrary initial 
conditions. The fluids are assumed to have con- 
stant specific heat ratios. Qualitatively, the ef- 
fect of the magnetic field is equivalent to that of 
pressure, but quantitatively the effect is always 
greater than merely the hydrodynamic pressure 
equivalent to the appropriate Maxwell stress. A 
magnetic field in the high-pressure region alone 
can produce shocks having Mach Numbers for typi- 
cal laboratory conditions of the order of hundred 
or more, and is in general agreement with availa- 
ble experimental results. 


EFFECT OF TRANSVERSE MAGNETIC FIELD 
ON THE FLOW DUE TO AN OSCILLATING FLAT 
PLATE. Tsunehiko Kakutani. Phys. Soc. Japan 
J., Dec., 1958, pp. 1, 504-1, 509. Determination 
of the velocity distributions, magnetic field, and 
related quantities (such as pressure, electric field 
and current density) for the flow of an incompressi- 
ble, viscous,and electrically conducting fluid due 
to an infinite oscillating flat plate in the presence 
of a transverse magnetic field. General solutions 
are derived, and some special cases corresponding 
to limiting values of various parameters are dis- 
cussed. It is shown that each of the velocity distri- 
butions and other related quantities consists of two 
different oscillations whose decaying factors differ 
from the corresponding wave numbers. 


SUPERSONIC TWO-DIMENSIONAL MAGNETO- 
HYDRODYNAMIC FLOW. Appendix - DETERMI- 
NATION OF THE "FREE STREAM" CONDITIONS 
IN THE SHOCK TUBE, F. Fishman, J. W. Lothrop, 
R.M. Patrick, and H.E. Petschek. Avco Res. Lab. 
RR 39, Feb., 1959. 49 pp. USAF-supported ap- 
plication of a perturbation theory to the supersonic 
flow of a conducting fluid through the magnetic field 
of a circular solenoid. These calculations describe 
the lift and drag forces on the solenoid as well as 
the gas conditions everywhere in the flow field 
within the limit of weak interaction between the 
magnetic field and the flow. Calibrated view cam- 
era pictures of the light emitted by the gas are in 
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agreement with predictions based on perturbation 
theory. Experimental verification is given of the 
prediction that lift forces can be achieved with 
geometrically symmetric bodies by utilizing the 
Hall effect. Estimates of the experimental lift 
forces indicate a lift coefficient of about 0.4 anda 
lift-drag ratio of approximately unity. 


ON THE CONFINEMENT OF A PLASMA BY 
MAGNETOSTATIC FIELDS, E. S. Weibel. Phys. 
Fluids, Jan.-Feb., 1959, pp. 52-56. 10 refs. 
Study of a plasma treated as an assembly of clas- 
sical particles having masses m ; and m. and 
charges * e. It is shown that if such a plasma is 
in thermodynamic equilibrium it is unaffected by 
a magnetostatic field. In particular,it cannot be 
contined by a magnetostatic field and at the same 
time be in equilibrium. In absence of collisions 
there exist stationary solutions for the magnetic 
field and the particle distribution in phase space 
such that the gas is confined. The solutions are 
self-consistent, meaning that the particle motions 
generate the field, which in turn maintains the par- 
ticle distribution. However, this distribution may 
not be Maxwellian. As an example the linear pinch 
is treated. The fields, the particle number densi- 
ties, and the current density are calculated for a 
particular case, 


THEORETICAL STRUCTURE OF PLASMA E- 
QUATIONS. M. N. Rosenbluth and N. Rostoker. 
Phys. Fluids, Jan.-Feb., 1959, pp. 23-30. 10 
refs. Development of a new method for the solu- 
tion of the linearized transport equation. By fa- 
cilitating direct use of the properties of particle or- 
bits, a considerable simplification is achieved, 

In particular, a variational expression is derived 
for determining stability which is gorous in the 
limit of small Larmor radius. 


PLASMA ACCELERATION BY MEANS OF A 
ROTATING MAGNETIC FIELD, V. Valiand J. 
Gauger. Lockheed Aircraft Missile Systems Div. 
TR LMSD-48381, vol. UI, Jan., 1959, pp. 35-41. 
Development of a technique for accelerating hydro 
gen plasmas to velocities of the order of 1% of the 
velocity of light. At this velocity, the kinetic en- 
ergy per particle of a deuterium plasma is approx- 


imately 105ev. The system would utilize an elec- 
trodeless discharge so that no high atomic number 
contaminants are introduced, other than those boil 
The apparatus 
would consist of a cylindrical glass tube with four 


ed off the gas container walls, 


radio-frequency oscillator coils placed around itto 
produce a rotating magnetic field 


THE VIBRATIONAL RELAXATION OF NITRIC 
OXIDE, F. Robben. Lockheed Aircraft Missile 
Systems Div. TR LMSD-48381, vol. Ul, Jan., 
1959, pp. 65-83. 12 refs. Experimental investiga- 
tion using a spectrophotometric techn 
a temperature range from 450°K, to 1,300°K, and 
relaxation times on the order of 5 to 10 microsec, 
Computations of the probability of de-excitation from 
the first vibrational level - made according to the 
theory of Schwartz, Slawsky, and Herzfeld withan 
interaction potential derived from viscositv meas- 


ique covering 
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urements - are on the order of 2 x 107° less than 
the experimental values. Use of a potential de- 
rived from an (NO), complex appears to account 
for the discrepancy. 


KINETICS OF DISSOCIATION OF NITRIC Ox. 
IDE, D. M. Mason. Lockheed Aircraft Missile 
Systems Div. TR LMSD-48381, vol. Ill, Jan., 
1959, pp. 43-49. Analysis of the kinetics of the 
dissociation of nitric oxide with particular regard 
to reaction rates and the mechanism of the reac- 
tion as presented by previous investigators. Rate 
constants obtained from the extrapolation of expen 
imental values at 2, 000°K, are used to compute 
relationships between concentration and time for 
nitric oxide at temperatures of 3, 000°K. and 
5, 000°K, 


EQUILIBRIUM COMPOSITION AND THERMO. 
DYNAMIC PROPERTIES OF A 50-50 NITROGEN. 
OXYGEN MIXTURE. F. Robben. Lockheed 
Aircraft Missile Systems Div. TR LMSD-48381, 
vol, Il, Jan., 1959, pp. 51-64. Presentation of 
the results for the solution of the equilibrium equ 
tions of molecular and atomic nitrogen and oxygen, 
along with nitric oxide. Mole fractions, enthalpy, 
and partition functions of the various components, 
in addition to mean molecular weight, density, and 
enthalpy of the entire fluid, are presented as a 
function of temperatures within the range of 1, 000° 
K. to 5, 000°K, 


STAGNATION POINT HEAT TRANSFER IN 
PARTIALLY-IONIZED ARGON. R. W. Rutowski. 
Lockheed Aircraft Missile Systems Div. TR 
LMSD-4838]1, vol. I, Jan., 1959, pp. 179-205. 10 refs, 
Analytical and experimental investigation of the 
influence of ionization in stagnation point heat 
transfer, 


Shock-tube measurements made ona 
model in argon are evaluated, and the results are 
compared with values predicted by using computed 
stagnation-point properties under the assumption 
of equilibrium flow. Very good agreement is ob- 
tained for flows in which the argon is not yet ioniz- 
ed. This discrepancy is evidently due to the effect 
of ionization on the transport properties. 


THE NEWTONIAN-DIF FUSE METHOD FOR 
COMPUTING AERODYNAMIC FORCES, Appen- 
dix - MOMENT ACCORDING TO FREE-jMOLECU- 
LAR THEORY. W. A. Gustafson. Lockheed Air- 
craft Missile Systems Div. TR LMSD-48381, vol. 
Ul, Jan., i959, pp. 139-163. Analysis of the aero- 
dynamic characteristics of basic shapes in rarefied 
flows. The analyses are based on the assumption 
of Newtonian flow with diffuse-particle reflection. 
Expressions are obtained for computing the aero- 
dynamic moment and the drag forces on spherical 
segments, conical frustums, and cylinders for ar- 
bitrary angles of attack. The moment on a cylin- 
ler is also derived in accordance with the free 
molecular theory. 


THEORETICAL STUDIES OF UNSTEADY TRAN 
SONIC FLOW, II - THE OSCILLATING SEMI-IN- 
FINITE RECTANGULAR WING, M. Landahl. 
Sweden, Flygtekniska F8rsdksanstalten, FFA Medd 
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78, July, 1958. 20 pp. Calculation of the aerody- 
namic forces on a wing in transonic flow by use of 
Fourier transforms. The results show that three- 
dimensional side-edge effects are very important 
and will modify the ordinary two-dimensional strip- 
theory values considerably, including sections 

that are fairly well removed from the side edges. 
The results may be used also to obtain approximate 
air forces on a finite rectangular wing for low valk 
ues of AY k, where A is aspect ratio and k the 
reduced frequency. Then the mutual side-edge 
interference may be neglected and the effect from 
each side edge calculated separately. 


THEORETICAL STUDIES OF UNSTEADY TRAN- 
SONIC FLOW. III - THE OSCILLATING LOW AS- 
PECT RATIO RECTANGULAR WING. M. T. 
Landahl. Sweden, Flygtekniska Fdrsdksanstalten, 
FFA Medd. 79, Aug., 1958. 15 pp. Calculation of 
the aerodynamic forces on a low aspect ratio wing 
by expanding the velocity potential in an asymptotic 
series. The_approximate theory is valid for small 
values of ko” ( 6 = semispan-to~chord ratio; k = 
reduced frequency) and complements an earlier 
theory valid only for pointed wings. Formulas are 
given for the calculation of generalized forces for 
any smooth, flexible, or rigid mode of oscillation 
with spanwise symmetry. 


Comparison with steady 
wing theory shows that the unsteady-flow effects 


are appreciable even at fairly low reduced fre- 
quencies, 


NON-SIMILARITY THEORY OF DECAYING 
TURBULENCE, Yutaka Shigemitsu. Phys. Sec. 
Japan J., Jan., 1959, pp. 91-103. 18 refs. “x- 
tension of the initial-period similarity law ot 
ing turbulence in order to include nonsimilarity 
characteristics. Based upon the cascade concept 
that large vortices produce small ones succes- 
sively, a Poisson process for the mixture of 
these vortices is introduced, and nonstationary 
expressions of Reynolds stress and Euler correla- 
tion are derived. By evaluating the expressions in 
an approximate manner a decay law is obtained 
that deviates graduaily from the linear decay law. 


ON THE VISCOUS CORE OF A LINE VORTEX, 
Il, Nicholas Rott. ZAMP, Jan. 25, 1959, pp. 73- 
81. Calculation of the temperature distribution in 
the viscous core of a vortex flow aligned with an 
axisymmetric stagnation~point inflow. For the 
limiting case of small viscosity and compressibili- 
ty, closed solutions for various Prandtl Numbers 
are presented, A noticeable cooling effect is ob- 
served in the vortex core, thus showing that re- 
covery rules from the boundary-layer theory can- 
not be applied to the viscous core of a vortex. 


SHOCK-GENERATED VORTICITY EFFECTS 
AT LOW REYNOLDS NUMBERS, H. Hoshizaki. 
Lockheed Aircraft Missile Systems Div. TR 
LMSD-48381, vol. I, Jan., 1959, pp. 9-43. 10 
refs. Investigation of vorticity effects on stagna- 
tion-point heat transfer rates of a hemisphere. 
The complete Navier-Stokes equations are con- 


sidered in the flow region between the bow shock 
and the body. Boundary conditions are appliedim- 
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mediately behind the shock and at the wall. By 
specifying the form of the stream function, the 
Navier-Stokes equations are reduced to a total dif- 
ferential equation. Solutions to the total differen- 
tial equation are then obtained by successive nu- 
merical approximations. The numerical results 
indicate that shock-generated vorticity substantial- 
ly increases heat transfer rates over boundary- 
layer values for Reynolds Numbers below 107, 
Furthermore, it is shown that,for Prandtl Number 
equaling one, the increase in heat transfer is ap- 
proximately inversely proportional to the differ- 
ence between the vorticity at the wall and the vor- 
ticity immediately behind the shock. 


Internal Flow 


PRESSURE DISTRIBUTION MEASUREMENTS 
ON TWO-DIMENSIONAL CASCADES AT HIGH 
SUBSONIC MACH NUMBERS. I. K. H. Grewe. 
DFL Inst. Aero. Bericht No. 70, Mar. 12, 1957. 
47 pp. Presentation of wind-tunnel measurements 
of the pressure distribution on cascades in com- 
pressible flow at high subsonic Mach Numbers. 
Two-dimensional cascades with systematically vary 
ing solidity ratio, blade angle, and angle of inflow 
were used for the investigation. Results indicate 
that the pressure distribution over the blade sur- 
face can be determined mainly by the nonviscous 
flow, as long as the critical Mach Number is not 
reached. A comparison of experimental data with 
theoretical results of the Prandtl-Giauert rule 
shows good agreement. 


ZUSAMMENHANG DER STROMUNGSEIGEN- 
SCHAFTEN DES LAUFRADES EINES AXIALGE- 
BLASES MIT DENEN EINES EINZELFLUGELS. 
Giinther Muesmann. ZFW, Dec., 1958, pp. 345- 
358. In German. Theoretical and experimental 
investigation of the applicability of measurements 
obtained on single airfoils to rotating turbine blades, 
The flow pattern observed in both cases is compar 
ed, Wind-tunnel experiments on single airfoils 
and axial-compressor rotors cover the Reynolds 
Number range of 10, 000 and 400,000; pressure in- 
crease and rotor efficiency are determined by 
means of the aerodynamic coefficients derived for 
the two-dimensional flow; and three-dimens ional 
wake surveys and boundary layer observations are 
also included. 


A GREEN'S FUNCTION SOLUTION FOR THE 
CASE OF LAMINAR INCOMPRESSIBLE FLOW 
BETWEEN NON-CONCENTRIC CIRCULAR CYL- 
INDERS. J. F. Heyda. Franklin Inst. J., Jan., 
1959, pp. 25-34, Derivation of Green's function 
in bipolar coordinates for the potential equation 
for a nonconcentric annular region. The function 
is then used to solve Poisson's equation for the 
point velocity in laminar incompressible flow be- 
tween nonconcentric circular cylinders. When the 
eccentricity of the annular region tends to zero, 
this velocity formulation reduces to the well-known 
result for a concentric annulus. 


FLOW OF A COMPRESSIBLE FLUID IN A 
HYPERBOLIC CHANNEL. Hasan Ozoklav. J. 
Math. & Mech., Jan., 1959, pp. 27-45. 14 refs. 
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Presentation of the compatibility equations of gases 
showing that it is possible to eliminate the pres- 


sure and the density between the equations satisfied 


by the motion, and thus obtain a certain number of 
relations which contain only the velocity field V 
and the external force F, The compatibility equa- 
tions are then applied to the problem of flow ina 
hyperbolic channel, making use of the Riemann 
method of integration. Numerical calculations are 
made for the velocity at the narrow section and in- 
termediate section of the channel, as well as for 
the pressure along the wall. 


SUCTION AND POWER REQUIREMENTS OF A 
VENTILATED WALL "HALF-NOZZLE" AT TRAN- 
SONIC SPEEDS. D. M. Rao andS. M,. Ramachan- 
dra. Aero. Soc. India J., Nov., 1958, pp. 63-69. 
Investigation of a slotted wall and a perforated wall 
fitted in a two-dimensional half-nozzle configura- 
tion and employing a plenum suction. Results in- 
dicate suction flow requirements considerably in 
excess of the quantities needed by normal ventilat- 
ed nozzles in the Mach Number range 0.8 - 1.05. 
Measurements of diffuser power show substantial 
benefits of employing suction with a half-nozzle. 
Effects of nozzle length/height ratio and divergence 
angle on suction and power are demonstrated, and it 
is shown thatan optimum combination of divergence 
and suction can yield useful tunnel power reductions 
in the entire transonic range. 


ESTIMATED PERFORMANCE OF RADIAL- 
FLOW EXIT NOZZLES FOR AIR IN CHEMICAL 
EQUILIBRIUM. Appendix A - DERIVATION OF 
AVERAGE COSINE OF ANGLE BETWEEN POTEN- 
TIAL-FLOW VELOCITY VECTORS AND NOZZLE 
AXIS. Appendix B - DETERMINATION OF PRO- 
FILE PARAMETER. G. W. Englert and F. D, 
Kochendorfer. US, NASA Memo, 1-5-59E, Feb., 
1959, 53 pp. ll refs. Presentation of computa- 
tion for thrust, boundary-layer, and heat-transfer 
characteristics of nozzles having radial flow in the 
divergent part. Stagnation pressure varied from 
one to 32 atmospheres, stagnation temperature 
from 1, 000° to 6,000°R., and wall temperature 
from 1, 000° to 3,000°R, Design pressure ratio 
was varied from 5 to 320 and operating pressure 
ratio from 0.25 to eight times the design pressure 
ratio. Results are generalized independently of 
divergence angle and of stagnation pressure in the 
temperature range of 1,000° to 3,000°R. A means 
of determining the aerodynamically optimum wall 
angle is provided. 


INDUCED AIR FLOWS IN FUEL SPRAYS. 
Hikmet Binark and W. E, Ranz. Penn. State U., 
Squid TR PSU-1-P [AD 156507], Apr., 1958. 25 pp. 
Measurement of the magnitude of the air velocities 
both outside and inside a hollow cone spray. The 
velocity outside the spray decreased with increased 
distance from the orifice and increased distance 
from the spray sheet. Velocities inside the spray 
cone were higher than the corresponding velocities 
outside the spray cone and decreased with increas- 
ed distance from the nozzle orifice. The air veloc- 
ity increased with increased liquid supply pressure 
Considering a unit area of the spray sheet, conti- 
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nuity required that the velocity of air leaving the 
sheet be equal to the velocity entering the sheet 
divided by the sine of half the spray cone angle. 


Jet Flaps & Wings 


THE GROUND EFFECT ON THE JET FLAP IN 
TWO DIMENSIONS, D. J. Huggett. Aero. Quart,, 
Feb., 1959, pp. 28-46. 10 refs. Investigation of 
the ground effect for jet-flap airfoils with reference 
to the conditions under which the jet flow hits the 
ground, Experimental results are included for the 
change of lift and pitching moment for 58.1° and 
31,4° jet-deflection angles, with a limited investi- 
gation into the downwash changes behind the model 
with a 58.1° jet-deflection angle. It is concluded 
that there is a definite limit to the jet coefficient 
which may be used at any ground position, if the 
problems of a sudden change of lift and pitching 
moment are to be avoided. A provisional assess- 
ment of the performance of a jet-flap aircraft near 
the ground is made, showing that for a 58.1° jet- 
deflection angle there is a definite limit to the min 
imum flying speed for any given distance of the 
wing from the ground. 


LOW-SPEED WIND-TUNNEL INVESTIGATION 
TO DETERMINE THE AERODYNAMIC CHARAC- 
TERISTICS OF ARECTANGULAR WING EQUIPPED 
WITH A FULL-SPAN AND AN INBOARD HALF- 
SPAN JET-AUGMENTED FLAP DEFLECTED 55°, 
T. G, Gainer. US, NASA Memo. 1-27-59L, Feb., 
1959. 21 pp. Experimental investigation to obtain 
a comparison of the aerodynamic characteristics 
of full-span and half-span jet-augmented flaps. 
Results indicate that the ratio of total lift to jet- 
reaction lift for the wing is about 35% less for the 
half-span than for the full-span jet-augmented flap, 
The reduction of the span of the jet-augmented flap 
from full to half span reduces the maximum value 
of jet-circulation lift coefficient from about 6.8 to 
2.2. The half-span jet-augmented flap gives thrust 
recoveries considerably poorer than those obtain- 
ed with the full-span flaps. 


FULL-SCALE WIND-TUNNEL INVESTIGATION 
OF A JET FLAP IN CONJUNCTION WITH A 
PLAIN FLAP WITH BLOWING BOUNDARY-LAY- 
ER CONTROL ON A 35° SWEPTBACK-WING AIR- 
PLANE. Appendix - THEORETICAL COMPUTA- 
TION OF JET FLAP EFFECTIVENESS, Kiyoshi 
Aoyagi and D. H. Hickey. US, NASA Memo, 2- 
20-59A, Mar., 1959. 25 pp. Study to determine 
whether blowing simultaneously at the hinge-line 
radius and trailing edge would be more effective 
than blowing separately at either location. Of the 
three flap blowing arrangements tested, blowing 
distributed between the trailing edge and the hinge- 
line radius of a plain flap was found to be superior 
to blowing at either location separately. Compari- 
son of estimated and experimental jet flap effec- 
tiveness was fair to good depending upon the mo- 
mentum coefficient. 


Performance 


CARATTERISTICHE DI VOLO E REGIMI PAR- 
TICOLARI DEGLI AEROMOBILI A SOSTENTA- 
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ZIONE MISTA. G. B. Nicold. L'Aerotecnica, 
Oct., 1958, pp. 269-284. 13 refs. In Italian. 
Analysis made to determine the best coordination 
between thrust angle and angle of attack in order 

to achieve minimum thrust, maximum range, max- 
imum and minimum speed, and maximum angle of 
climb. Consideration is given to the existence of 
four different possible conditions of flight with the 
same lift-drag ratio, thrust, and slope. A study 
is made of the optimum relation between thrust 
angle and angle of attack during take off. It is con- 
cluded that the best thrust angle in each case is a 
function of the angle of attack as in conventional 
aircraft. 


Wings & Airfoils 


A NUMERICAL METHOD OF EVALUATING 
THE VELOCITY POTENTIAL AND THE MINI- 
MUM DRAG WARPING OF ARBITRARY SUPER- 
SONIC WINGS. Max Anliker. ZAMP, Jan. 25, 
1959, pp. 1-15. 18 refs. Calculation of the drag 
due to lift from velocity potential influence coef- 
ficients and evaluation of minimum drag warping. 
Results obtained by means of the numerical method 
show good agreement with the corresponding ana- 
lytical and semianalytical values in the case of 
delta and pointed tip wings. The advantages of the 
method and its applicability to the optimum drag 
problem are discussed. 


SUPERSONIC FLOW PAST SLENDER POINTED 
WINGS WITH "SIMILAR" CROSS SECTIONS AT 
ZERO LIFT. W. T. Lord and G. G. Brebner. 
Aero. Quart., Feb., 1959, pp. 79-102. 14 refs. 
Extension of some recent theoretical work on slen- 
der pointed wings in order to find wings with sim- 
ple geometry, low wave drag,and pressure distri- 
butions which are unlikely to be seriously affected 
by viscous effects. Wave drag and pressure dis- 
tributions are calculated by slender-wing theory. 
General formulas are given for the wave drag and 
the overall pressure distribution, with particular 
emphasis on the root pressure distribution. Re- 
sults for a number of wings of special interest are 
presented and discussed, 


AN IMPROVEMENT OF THE VELOCITY DIS- 
TRIBUTION PREDICTED BY LINEAR THEORY 
FOR WINGS WITH STRAIGHT SUBSONIC LEAD- 
ING EDGES, D. G. Randall. Gt. Brit., RAE TN 
Aero.2577, Sept., 1958. 21 pp. Analysis of the 
problem of calculating supersonic flow over the 
subsonic edges of a nonlifting wing. When calculat- 
ed by thin wing theory, the results are unacceptable 
in a small region near the leading edge. By satisfy 
ing the boundary condition more exactly near the 
leading edge of the wing, a solution of the lineariz- 
ed equation is obtained which gives plausible re- 
sults. This treatment is inconsistent (except for 
slender wings) because it retains second order 
terms in the boundary condition, but drops them in 
the differential equations. The flow quantities ob- 
tained by means of this method behave correctly 
near the ileading edge, while they do not significant- 
ly differ from the linear-theory values over most 
of the wing. 
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SUBSONIC WING LOADINGS ON A 45° SWEPT- 
BACK-WING AND BODY COMBINATION AT HIGH 
ANGLES OF ATTACK. Appendix A - EXACT RE- 
LATIONS FOR VELOCITY AND ANGLE-OF-AT- 
TACK COMPONENTS. Appendix B - CHARAC- 
TERISTICS OF THE SINGLE PANEL. J. A. Axel- 
son and J. F. Haacker. US, NASA Memo, 1-18- 
59A, Feb., 1959. 57 pp. 13 refs. Investigation 
of the subsonic pressure distributions and loadings 
for a wing-body combination at angles of attack up 
to 36°, The wing has an aspect ratio of 5.5 anda 
taper ratio of 0.53; test results are presented 
for Mach Numbers from 0.30 and 0.50. A degree 
of correlation is found between the stall patterns . 
and spanwise load distributions for the present 
model and for three other 45° sweptback-wing and 
body combinations having wings of aspect ratios 
from 4.0 to 8.0. The correlation was considered 
useful for extrapolating the Weissinger span-load- 
ing method to higher angles of attack for wings 
similar to those included in the correlation. A 
tentative approach has been introduced wherein the 
normal forces on a sweptback wing can be distrib- 
uted across the span for angles of attack above 20°, 


TWO-DIMENSIONAL, SUPERSONIC, LINEA- 
RIZED FLOW WITH HEAT ADDITION. Harvard 
Lomax. US, NASA Memo. 1-10-59A, Feb., 1959. 
35 pp. Presentation of calculations for the forces 
on a thin supersonic wing underneath which the air 
is heated. The analysis is limited principally to 
linearized theory, but some nonlinear effects are 
also considered. The validity of linearized equa- 
tions and their solutions in two and three dimen- 
sions are discussed. A simple expression is de- 
rived for the lift and drag on arbitrary, planar, 
two-dimensional wings in fields with arbitrary heat 
addition. Optimum wings in heated supersonic fields, 
as wellas the effect of combining engine thrust with 
the lift and thrust provided by external heating are also 
considered. A particular example is presented to 
evaluate the results, and remarks on nonlinear ef- 
fects are made. It is shown that significant advan- 
tages to external heating exist if the heat is added 
well below and ahead of the wing. 


SOLUTIONS OF SUPERSONIC INTERFERENCE 
PROBLEMS BY GENERALIZED INTEGRAL RELA- 
TIONSHIP - EXAMPLES FOR A CIRCULAR CY- 
LINDRICAL BODY. Lu Ting. Polytech. Inst. 
Bklyn., Dept. Aero. Eng. & Appl. Mech., PIBAL 
Rep. 465 (AFOSR TN 58-1069) [AD 207229], Oct., 
1958. 43 pp. Development of a procedure that 
represents the pressure distribution on the body 
and the wing inside the interference region by a 
linear combination of a finite number of elementary 
functions of the surface variables. The combina- 
tion fulfills the condition that the pressure is con- 
tinuous inside the interference region and also 
across its boundary. The arbitrary constants in 
the combination are determined by a generalized 
integral relationship which is reduced to a set of 
simultaneous linear algebraic equations. A nu- 
merical example is carried out for a circular cy- 
lindrical body mounted on a semi-infinite plate. 
The results are in agreement with those obtained 
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by Nielsen by means of a different theoretical 
method. 


AEROELASTICITY 


APPLICATION OF THE METHOD OF STEIN 
AND SANDERS TO THE CALCULATION OF VI- 
BRATION CHARACTERISTICS OF A 45° DELTA- 
WING SPECIMEN. J. M. Hedgepeth and P, G, 
Waner, Jr. US, NASA Memo, 2-1-59L, Feb., 
1959. 26 pp. Calculation of generalized influence 
coefficients by the method of Stein and Sanders for 
a built-up delta wing specimen. These are used 
together with appropriate generalized masses to 
obtain the natural modes and frequencies in sym- 
metric and antisymmetric free-free vibration. 

The resulting frequencies are compared with those 
obtained experimentally and found to be consistent- 
ly high. Possible sources of the disparities are 
discussed. 


EVALUATION OF THE LEVY METHOD AS 
APPLIED TO VIBRATIONS OF A 45° DELTA 
WING. Appendix - FREEING OF INFLUENCE- 
COEFFICIENT MATRIX FOR GENERAL THREE- 
POINT SUPPORT. E. T. Kruszewski and P, G, 
Waner, Jr. US, NASA Memo, 2-2-59L, Feb., 
1959. 48 pp. 10 refs. Application of the Levy 
method to obtain the natural modes and frequencies 
of a large-scale built-up delta wing. Results, both 
with and without the effects of transverse shear, 
are compared with experimental results and with 
those of the Stein-Sanders method. The compari- 
son shows that Levy's method gives good results 
for thin-skin delta wings, provided that correc- 
tions are made for the effect of transverse shear. 


WIND TUNNEL TESTS ON THE EFFECTS OF 
AN ADDED MASS ON THE FLUTTER OF A MOD- 
EL DELTA WING. I - FIXED ROOT FLUTTER 
TESTS. U - ANTI-SYMMETRIC FLUTTER TESTS 
OI - SYMMETRIC FLUTTER TESTS. H. Hall and 
W. A. Coles. Gt. Brit., RAE Rep. Struc. 240, 
Sept., 1958. 5l pp. Investigation of antisymmetric 
and symmetric flutter characteristics in which the 
parameters that are varied include the mass value, 
the spanwise and chordwise position of the mass, 
and the mass pitching radius of gyration. In the 
body freedom tests the fuselage inertia character- 
istics are also varied. Five different types of flut- 
ter are obtained,depending on these parameters and 
the particular root condition. The test results in- 
dicate that either symmetric or antisymmetric flut- 
ter may be critical,depending on mass value and 
c.g. position and that the optimum position of the 
added mass is in the neighborhood of 0.75 span 
and well forward in the chord. 


VIBRATION OF BEAMS - A RECURRENCE 
APPROACH. Appendix A - SOME PROPERTIES 
OF GENERALISED STEP-FUNCTIONS. Appendix 
B - SCHEMATIC MULTIPLICATION OF POLYNO- 
MIALS. P. M. Quinlan. Natl. U. Ireland, U. 
Coll., TN 6 (AFOSR TN 59-118) [AD 210423], Sept., 
1958. 35 pp. Presentation of a new method for 
obtaining the vibration frequencies of a loaded 
beam. The frequency equation is obtained by the 
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multiplication of two sets of polynomials, thus al. 
lowing the determination of the higher critical fre 
quencies as readily as the lowest frequency. The 
method is developed in four stages by the aid of 
graded examples. Application is made to the tor- 
sional oscillations of a shaft under six masses, 


DIFFERENTIAL EQUATION OF EQUILIBRIUM 
AND VIBRATION AND EXPRESSIONS FOR THE 
BOUNDARY CONDITIONS OF AN ORTHOTROPIC 
NON-HOMOGENEOUS PLATE. Zbigniew Mazur- 
kiewicz. Arch. Mech, Stosowanej, No. 5, 1958, 
pp. 755-767. Derivation, in an orthogonal system 
of coordinates, of a differential equation and ex- 
pressions for the boundary conditions of an ortho- 
tropic nonhomogeneous plate. Small deflections 
and an elastic nonhomogeneous foundation of the 
Winklerian type are assumed. The load is con- 
sidered to be acting perpendicularly to the middle 
surface of the plate. The Hamiltonian principle 
is used as a basis for applying variational methods 
to a certain functional expression derived on the 
basis of the expressions for the potential and ki- 
netic energy of the plate. 


WYMUSZONE DRGANIA TLUMIONE POWLOKI 
OBROTOWEJ. Michat Lawina. Rozprawy Inty- 
nierskie, No. 3, 1958, pp. 495=512. In Polish, 
with summaries in English and Russian. Analysis 
of the forced damped vibration of a shell of revolu 
tion of any form, the vibration-generating normal 
forces being of an arbitrary type. The Sorokin 
hypothesis is used in order to include the damping. 
The equations of amplitude distribution are inte- 
grated asymptotically and the vibration forcing 
action is represented as a superposition of partial 
actions. For the n-th order component of the vi- 
bration exciting force, the displacements are rep- 
resented in a form containing separate intensity 
and variability functions. The integration of the 
amplitude distribution equations reduces to the so- 
lution of successive systems of equations, their 
solutions yielding successive approximations to the 
functions of displacement intensity. The first two 
approximations can be determined if the operators 
appearing as coefficients in the system of equa- 
tions are known. 


FUELS & LUBRICANTS 


ANOMALOUS EXTINCTION PHENOMENA IN 
SOLID PROPEI LANT BURNING. D. L. Reid, K. 
P, Hall, and Martin Summerfield. Princeton U., 
Squid TR PR-77-P [AD 156501], Apr., 1958. 19 pp. 
Study of ammonium chlorate (NH,C104) and potas- 
sium chlorate (KC1O4) propellants to determine 
flame extinction phenomena that occur within cer- 
tain pressure limits when strands of propellant 
are burned in controlled atmospheres. For an un- 
catalyzed NH4C1O, propellant, limits were obser~ 
ed at 400 and i, 300 psia for 1/8-in.-thick strands. 
For KC104, a pressure limit was observed such 
that steady burning was impossible at any pressure 
below 65 psia. The experiments indicated that the 
feedback from the gaseous flame zone controls the 
burning rate of a solid propellant. 
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INSTRUMENTS 


Temperature Measuring Devices 


STUDY OF THERMAL DISCONTINUITIES AND 
ASSOCIATED TEMPERATURE DISTURBANCES 
IN A SOLID SUBJECT TO A SURFACE HEAT 
FLUX. I - EFFECT OF THERMOCOUPLE CAVI- 
TY NEAR HEAT SINK SURFACE ON SINK TEM- 
PERATURE DISTRIBUTION AND ITS MEASURE- 
MENT. Appendix A - DERIVATION OF TEMPER- 
ATURE INCREASES DUE TO VOIDS USING POINT 
SOURCES, Appendix B, C - STEADY STATE ANA- 
LYTICAL SOLUTION FOR SEMI-INFINITE SLAB 
FOR LARGE RADIUS- VOID DEPTH RATIOS, 

J. V. Beck and H. Hurwicz. Avco Res. & Adv. 
Devel. Div. RAD TR-9-59-5, Feb. 20, 1959. 58 
pp. ll refs. Analysis of the surface temperature 
error in thermocouple measurement due to the 
presence of the thermocouple near the heated sur- 
face. The results are applicable to the flight con- 
ditions since the effects of time~-variable heat 
fluxes and temperature-variable thermal proper- 
ties are treated, The distance from the surface 
(null point) is determined where the thermocouple 
reads essentially the undisturbed surface tempera- 
ture. Problem solutions are obtained with both 
analog and digital computing equipment, andresults 
are compared with the work of previous investiga-~ 
tors. In addition, two new analytical solutions are 
developed and shown to yield more exact results 
than those previously available. 


MACHINE ELEMENTS 


Rotating Discs & Shafts 


A CREEP ANALYSIS OF ROTATING SOLID 
DISKS. B. M. Ma. Franklin Inst. J., Feb.,1959, 
pp. 149-165. 16 refs. Analysis of creep deforma- 
tions and stress distributions in rotating solid 
discs operating at elevated temperature, based on 
the maximum shear theory. Several basic as- 
sumptions are made. The general equations for 
creep rates and deformations are presented. The 
case of the variable-thickness and uniform-temper 
ature disc is discussed and analyzed for the steady 
state condition. Test data indicate that, in general 
for a given material the material creep number (n) 
depends mainly on stress and temperature, and the 
material creep modulus (o,) only slightly on tem- 
perature, 


MISSILES, ROCKETS 


ASUPRA REGIMULUI OPTIM DE FUNCTIONA- 
RE A RACHETELOR, Lucian Dumitrescu. Stud. 
Cerc. Mec. Aplic., No. 2, 1958, pp. 285-296. 

In Rumanian, with summaries in English and Rus- 
sian. Investigation of the optimum thrust pro- 
graming of a space rocket, Discussion covers the 
motion of the rocket under the following assump-~ 
tions: the air friction is neglected; the thrustacts 
radially, relative to the earth, and has constant 
magnitude during the combustion; the distance trav- 
eied during powered flight is small enough to al- 
low the linearization of the terms of gravity varia- 
tion in equations of motion. These equations are 
then solved by an iteration process which yields the 
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speed and the distance traveled with power on, 
after which the motion of the rocket obeys the Kep- 
ler law. Two cases are studied: (a) a rocket tak- 
ing off from an artificial satellite and (b) a multi- 
stage rocket launched vertically from the ground, 


MATHEMATICAL THEORY OF THE OPTIMUM 
TRAJECTORIES OF A ROCKET. Angelo Miele. 
Purdue U. Sch. Aero. Eng. Final Rep. A-58-10 
(AFOSR TR 58-154) [AD 206361], Nov., 1958. 35 
pp. 22 refs. Investigation of a wide class of vari- 
ational problems of interest in rocket flight. Re- 
sults are reviewed with particular regard to such 
topics as optimum thrust programing for level 
flight, vertical flight, and for arbitrarily inclined 
rectilinear trajectories. A general theory of the 
optimum flight paths of rocket-powered aircraft, 
missiles, and satellite carriers is formulated. 
Solutions for important particular cases and spe- 
cial types of flight are obtained in closed form. 
Computational methods are supplied for several 
types of boundary value problems. 


PHYSICS 


POLARIZABILITY OF HYDROGEN AT HIGH 
TEMPERATURES. W. C. Marlow, III, and A, 
Kamradt. Lockheed Aircraft Missile Systems Div, 
TR LMSD-48381, vol. Il, Jan., 1959, pp. 85- 

lll. 19 refs. Investigation of the polarizability of 
a hydrogen gas with temperature, pressure, and 
frequency. The problem separates into two tem- 
perature regions, that of dissociation and of exci- 
tation and ionization. For the region of dissocia- 
tion, the mean polarizability is given as a function 
of the degree of dissociation. To determine the 
mean polarizability in the region of excitation and 
ionization, it is necessary to know the population 
densities of the excited states and the degrees of 
ionization. These factors are calculated using the 
Urey-Fermi covolume technique. Preliminary 
calculations for the frequency-dependent polariza- 
bility are given, including an order~of-magnitude 
calculation of the contribution from permanent di- 
poles. Finally, the contribution of the free charges 
to the frequency-dependent polarizability is con- 
sidered. 


POWER PLANTS 


PHOTOCHEMISTRY OF THE UPPER ATMOS- 
PHERE AS A SOURCE OF PROPULSIVE POWER. 
A, F, Charwat. ARS J., Feb., 1959, pp. 108-114. 

2refs. Analysis of an oxygen recombination 
ram-jet for propulsion inthe Earth's upper atmos- 
phere. Its performance depends on the chemical 
kinetics of the oxygen recombination reaction, the 
aerothermodynamics ofthe ram-jet cycle, and the 
rarefied gas aerodynamics. Outside of a limited 
flight range, these phenomena imply the existence 
of mutually exclusive conditions. Near-orbital 
speeds appear to be unattainable, and only low 
supersonic flight is possible if appropiate cat- 
alysts to accelerate the reaction can be found. 
The performance of the engine depends primarily 
on the flight Mach Number. Internally supersonic 
recombination is impractical because of excessive 
recombination times required to complete the re- 
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action, whereas catalysis necessarily implies 
stagnation conditions in the reaction zone. 


ION ROCKET ENGINE SYSTEMS - A SUMMARY, 
R. H. Boden. Aero/Space Engrg., Apr.,1959, pp. 
65-71, 75. Evaluation of the concept of an ion 
rocket engine and definition of the problem areas 
including the heat source, the power converter, 
the thrust chamber, and the propellants. The 
overall requirements of these components are ex- 
amined and assumed missions to the moon or to 
Mars are discussed. 


SOME DESIGN PARAMETERS OF A SIMPLI- 
FIED ION ROCKET. H,. Preston-Thomas. Brit. 
Interpl. Soc. J., Nov.-Dec., 1958, pp. 575-583. 
Derivation of equations presented previously ina 
study covering the design of ion rockets. The ap- 
plicability of the method for investigating the prop- 
erties of a simplified model is demonstrated, E- 
quations are obtained for mass distribution, trans- 
fer times, and specific impulse for the cases of 
constant exhaust velocity and constant acceleration 


ACCELERATOR DESIGN TECHNIQUES FOR 
ION THRUST DEVICES. S. L. Eilenberg. North 
Am. Av. Rocketdyne R-1430, Feb. 12, 1959. 40 
pp. AFOSR-supported analysis of ion accelerator 
design, which is complicated by the requirement 
that the ion beam must be allowed to escape from 
the electrode system. This requirement necessi- 
tates the inclusion of an aperture in one electrode 
which results in a weakening of the field, thus, re- 
ducing the total current. It is concluded that, de- 
pending upon the current required for a given mis- 
sion, the ion thrust device could be made up of one 
or more barrel accelerators or slit accelerators 
shaped into any convenient configuration such as a 
set of concentric circles, a single circle, a spiral, 
or parallel strips. An estimate can be obtained 
from a proper choice of the effective value of the 
interelectrode space, d, or the ratio of the emitter 
areatod’, Finally, a close approximation of the 
beam shape and charge distribution for an electrode 
configuration may be obtained from an electrolytic 
analog system. 


Rocket 


COMBUSTION IN LIQUID-FUEL ROCKET 
MOTORS. D. B. Spalding. Aero. Quart., Feb., 
1959, pp. 1-27. Analysis of the processes occurr- 
ing in liquid bipropellant rocket motors. Droplet 
vaporization,chemical reaction, and drag between 
gas and droplet are considered for a one-dimen- 
sional model. Quantitative theoretical results are 
presented for the variation of droplet size, droplet 
velocity, gas temperature, and gas velocity within 
the chamber. The theory is applied to the German 
V-2 rocket motor. Practical conclusions from, 
and extensions to, the theory are discussed, 


ANALYTICAL INVESTIGATION OF THE SIG- 
NIFICANCE OF TURBINE-INLET TEMPERATURE 
IN HIGH-ENERGY ROCKET TURBODRIVE APPLE 
CATIONS. H. E. Rohlik. US, NASA Memo. 1-6- 
59E, Feb., 1959. 24 pp. Investigation of the ef- 
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fect of turbine-inlet temperature on gross weight 
for three high-energy long-range rockets. The 
method of analysis is described. Restlts indicate 
that the gross weight of the hydrogen-reactor sys- 
tem is more sensitive to changes in turbine-inlet 
temperature than either the hydrogen-oxygen or 
the hydrogen-fluorine systems. Gross weight of 
the hydrogen-reactor system can be reduced by 
2.6% by the use of cooling and a turbine-inlet tem- 
perature of 3,000°R, The reductions in the first 
stages of the hydrogen-oxygen and hydrogen-fluo- 
rine systems were 0.7% and 0.2%, respectively. 
None of the systems investigated showed gains war 
ranting the use of turbine cooling. 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


THE TAILORED-INTERFACE HYPERSONIC 
SHOCK TUNNEL. Ch. E. Wittliff, M. R. Wilson, 
and Abraham Hertzberg. (ASME-ARS Av. Conf., 
Dallas, Mar.16-20, 1958.) J. Aero/Space Sci., Apr., 
1959, pp. 219-228. 50 refs. AFOSR-supported dis- 
cussion of the "tailored-interface" methodas ap- 
plied to a shock tunnel. Inthe "tailored-interface" 
modification, the incident shock wave is reflected at 
the downstream end of the shock tube, and conditions 
of the driver and driven gases at the interface are 
matched (or "tailored") so that no additional waves 
are created by the interaction of a reflected shock 
and the interface. The method provides a longer 
testing time than a conventional shock tunnel, and, 
hence, a means of alleviating flow unsteadiness in 
the test section caused by shock-wave attenuation, 
Various gasdynamic phenomena associated with 
shock tunnels are discussed. Illustrating the re- 
search application of the method, results of heat 
transfer experiments on a hemisphere-cylinder 
model are presented and compared with theory. 


ROTATING WING AIRCRAFT, HELICOPTERS 


HELICOPTER GROUND RESONANCE. W, E. 
Hooper. Aircraft Eng., Feb., 1959, pp. 32-39. 
Evaluation of the equations of motion developed by 
Coleman for a particular helicopter configuration 
and a large number of different combinations of 
rotor and fuselage damping. The results reveal 
the dependence of the unstable range on rotor and 
fuselage damping. Both viscous and friction rotor 
dampers are considered. 


SPACE TRAVEL 


SOME CONSEQUENCES OF A THEORY OF THE 
RADIATION BELT. S. F. Singer. (9th Internatl. 
Astron. Congr., Amsterdam, Aug. 25-30, 1958.) 
Brit. Interpl. Soc. J., Nov. -Dec., 1958, pp. 558- 
564. Summarized presentation of the results of a 
theory giving the origin of the radiation, its nature 
and energy, and its distribution around the Earth 
with latitude and with altitude. A discussion is 
presented on its consequences for studies of the 
outer atmosphere of the Earth, the planets, and 
Moon; particular attention is paid to space medical 
implications and means of protection against the 
radiation. The most promising counter-measure 
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appears to be "sweeping out" of the radiation. 
Some new experiments to test the trapping proper- 
ties of the Earth's magnetic field are suggested. 


INTERPLANETARY DUST DISTRIBUTION, 
D. B. Beard. Lockheed Aircraft Missile Systems 
Div. TR LMSD-48381, vol. Il, Jan., 1959, pp. 
211-232. 16 refs. Analysis of dust-scattered light 
at very small elongations from the sun (2 to 10 
solar radii) reveals that the dust is distributed as 
r~”, where r is the distance from the sun and » 
is some number possibly less than 1.5 but probably 
equal to it. The minimum radius of the dust parti- 
cles is found to be a few microns and the particle 
concentration depends on the particle radius. The 
concentration of dust at the earth's orbit approxi- 
mates 10714 to 10715 particles/cu.cm.; and because 
of the earth's gravitational field, the concentration 
at the earth's surface may be increased to as much 
as 10710 to 19- particles/cu.cm. Interpretation 
of the spatial and temporal fluctuations of the zo- 
diacal light confirms the probable existence of a 
dust blanket around each of the planets. 


ON THE MOTION OF ARTIFICIAL SATEL- 
LITES TAKING INTO ACCOUNT THE RESIST- 
ANCE OF THE MEDIUM. M. M. Nita. Rev. Méc. 
Appl., No. 1, 1958, pp. 57-76. 12 refs. (Also in 
Stud. Cerc. Mec. Aplic., No. 2, 1958, pp. 337- 
358.) Study of the motion of artificial satellites 
under the assumption of a perfectly spherical, ho- 
mogeneous, fixed, and completely isolated in space 
earth. The process of integration for the differen- 
tial eyuations of motion is described. The laws 
governing the motion of a satellite are derived, 
with the position and speed being determined at any 
time. A method of calculation is also indicated 
for the case of a satellite moving through inhomo- 
geneous media. 


SATELLITE ORBIT MECHANICS. Harry Esses, 
Aero/Space Engrg., Apr., 1959, pp. 48-54. 
Study of the fundamental theory of satellite orbits 
and illustration of the theory by numerical data 
presented in graphical form. The four possible 
orbit types for a particle moving in the gravitation- 
al field of a fixed point mass are the ellipse, the 
circle, the parabola, and the hyperbola. All of 
these are discussed in terms of the eccentricity. 
Emphasis is. placed on the elliptical orbit, and the 
geometrical and dynamic parameters of such an 
orbit are outlined, as are expressions for the peri- 
gee, apogee, orbital velocity at any point in the or- 
bit, and period. In addition, and experiment on 
Einstein's generalized relativity theory is outlined. 


THEORY OF THE EFFECT OF DRAG ON THE 
ORBITAL INCLINATION OF AN EARTH SATEL- 
LITE. J. P. Vinti. J. Res., Feb., 1959, pp. 79- 
88. Analysis of the effect that rotation of the 
earth's atmosphere has on the inclination of the 
orbit of a satellite. It is assumed that the drag is 
in the direction of the air velocity relative to the 
satellite and that its magnitude diminishes so rap- 
idly with altitude that it is apprecjable only near 
perigee in an elliptic orbit. Without further as- 
sumptions about the properties of the drag function, 
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results are then deduced for the secular changes 
in inclination up to, but not including, the final 
ballistic stage of motion. 


SATELLITENBEWEGUNG MIT REIBUNG, 
L. N. Persen. ZAMM, Nov.-Dec., 1958, pp. 437- 
442. In German. Study of the motion of artificial 
satellites covering two cases: (a) the frictional 
force is proportional to the square of velocity and 
inversely proportional to the distance r from the 
center of mass of the planet; (b) the frictional force 
is proportional to the velocity and inversely propor 
tional to the square of the distance r. It is shown. 
that, in both cases, rigorous solutions for the path 
of the satellite can be obtained in terms of known 
functions. Singer's approach, stating the tendency 
of the satellite path to become circular before the 
spiral course toward the planet is entered, is dis- 
cussed in detail. The lifetime of the first Soviet 
satellite is determined,and the theoretical bases 
used in the calculation are stated. 


STRUCTURES 


Beams & Columns 


LIMIT DESIGN FORMULAS FOR THIN-WALL- 
ED COLUMNS AND APPLICATION TO REDUN- 
DANT STRUCTURES, S. Krishnan and K. V. 
Shetty. Aero. Soc. India J., Nov., 1958, pp. 57- 
62. Presentation of a method by which an optimum 
design for a redundant column member can be ob- 
tained on the basis of simultaneous plastic and lo- 
cal buckling. It is noted that such a condition is 
possible only for short column members having 
high thickness/width ratios. For determining the 
local buckling stress under plastic conditions, 
Bijlaard's coefficient is applied to the empirical 
local buckling stress relations for typical sections 
proposed by Needham as a result of extensive ex- 
perimental study. The thickness/width ratios de- 
rived by equating the local buckling stress to the yield 
stress are substituted in the load-deformation 
relationship,and a family of load-deformation 
curves is plotted, covering a range of thicknesses. 
It is shown how these curves may be used to de- 
termine the optimum section for a redundant col- 
umn member which is expected to withstand a giv- 
en load under conditions of plastic yielding and 
large deformation. 


Cylinders & Shells 


AXIALLY-SYMMETRICAL PROBLEMS OF 
THERMO-ELASTICITY FOR A CYLINDER OF 
UNLIMITED LENGTH. M. Sokofowski. Acad. 
Pol. Sci. Bul., Tech. Sci. Ser., No. 4, 1958, pp. 
207-210. Presentation of two solutions for stresses 
and displacements, the first being for the general 
case of a sourceless field of temperature, and the 
second considering a linearly-distributed source 
of heat. Solutions are presented by applying a func- 
tion of strain consisting of the potential of thermo- 
elastic strain ¢ (r,z) and Love's function Y(r, 
z), as well as the mathematical apparatus of 
Fourier's cosinusoidal transform and Hankel's 
finite transform. 
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Plates 


THE GENERAL SOLUTION FOR A RECTANGU- 
LAR ORTHOTROPIC PLATE EXPRESSED BY 
DOUBLE TRIGONOMETRIC SERIES. Piotr Wilde. 
Arch. Mech. Stosowanej, No. 5, 1958, pp. 747- 
754. Derivation of formulas for the Fourier coef- 
ficients of the deflection surface of a plate with 
arbitrary boundary conditions by means of the 
Fourier transformation. The differential equation 
is then transformed into an algebraic equation. 
The deflection surface is represented in a double 
trigonometric series. 


ANALYSIS OF PANELS WITH BONDED, HAT- 
SHAPED STIFFENERS, LOADED IN SHEAR, Ap- 
pendix A - DETERMINATION OF THE RANGE OF 
APPLICATION OF THE APPROXIMATE FORMU- 
LAS IN AIRCRAFT DESIGN. Appendix B - NU- 
MERICAL EXAMPLE, J. P. Benthem and J. v.d. 
Vooren. Netherlands, NLL TN S.520, Feb., 1958. 
18 pp. Presentation of a solution for the distribu- 
tion of shear flow in order to obtain eyuations for 
the effective panel thickness and the maximum 
shear stress in the glue layer. The formula for 
the effective panel thickness gives values which 
are about 5% too high, but are suitable for design 
purposes. The ratio between the maximum shear 
stress in the glue layer and the undisturbed shear 
stress in the panel varies between 0.24 and 0.55 
for the various stiffener-skin configurations 
given. 


COMPUTATION BY MEANS OF POLYNOMIALS 
OF INFLUENCE SURFACES FOR ANISOTROPIC 
PLATES WITH FINITE DIMENSIONS. Marian 
Suchar. Arch. Mech. Stosowanej, No. 5, 1958, 
pp. 615-634. 14 refs. Analysis to obtain polyno- 
mials from which the regular parts of the influence 
surfaces can be determined. Quasi-biharmonic 
polynomials are obtained as a particular case of 
the (A)-polynomials previously calculated. The 
illustrative example presented covers a system of 
algebraic equations for the determination of de- 
composition coefficients, based on a finite number 
of members and using the method of least quadrat- 
ic irregularity for the orthotropic plate having the 
shape of a parallelogram, simply supported along 
two edges, the remaining sides being free. 


DYNAMIC LOAD CARRYING CAPACITY OF A 
CIRCULAR PLATE, Piotr Perzyna. Arch. Mech. 
Stosowanej, No. 5, 1958, pp. 635-647. Analysis 
showing to what extent the dynamic load carrying 
capacity of a thin circular plate simply supported 
on the edge depends on the variability of the pres- 
sure as a function of time. The method of Sym- 
onds for beams is applied to two different cases: 
(a) that of moderate pressure and (b) that of high 
pressure when the plate becomes plastic. 


THE ANALYSIS OF SINGULARLY LOADED 
AND RIGIDLY CLAMPED THIN ELASTIC SLABS 
WITH CURVILINEAR BOUNDARIES. I. W. A. 
Bassali. Cambridge Philos. Soc. Proc., Jan., 
1959, pp. 121-136. 22 refs, Application of the com- 
plex variable methods to deriv® exact solutions in 
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closed form for small deflections of certain thin 
elastic plates due to transverse concentrated forces 
or couples applied at arbitrary or specified points, 
The isotropic plates are considered bounded by 
curvilinear edges of certain types along which the 
plates are rigidly clamped. Plates bounded by 
curves having the form of the inverse of an el- 
lipse with respect to its center or its focus are 
included as special cases. 


A THIN CIRCULAR PLATE NORMALLY AND 
UNIFORMLY LOADED OVER A CONCENTRIC 
ELLIPTIC PATCH. W. A. Bassali and M. Nassif£ 
Cambridge Philos. Soc. Proc., Jan., 1959, pp. 
101-109. 10 refs. Analysis concerning the small 
transverse displacement of a thin circular plate 
elastically restrained along the circular boundary 
and subject to uniform normal pressure distributed 
over the area of an ellipse concentric with the 
plate. The method of complex potentials is used, 
and the general assumptions relating to the small 
deflection theory of thin plates are adopted. Ex- 
plicit formulas for the bending and twisting mo- 
ments and shearing forces are given at any point 
on the boundary and at the center of the plate. 


Thermal Stress 


THERMAL STRESSES IN RECTANGULAR 
PLATES. J. S. Przemieniecki. Aero. Quart., 
Feb., 1959, pp. 65-78. Application of the charac- 
teristic functions for beam vibration modes to de- 
rive an approximate solution for the calculation of 
thermal stresses in rectangular isotropic flat 
plates subjected to arbitrary temperature distribu- 
tions in the plane of the plate and constant temper- 
ature through the plate thickness. The thermal 
stresses are obtained in the form of generalized 
Fourier expansions in terms of the characteristic 
functions and their derivatives, which represent 
normal modes of vibration of a beam clamped at 
both ends. 


THE STRESSES DUE TO A NUCLEUS OF THER- 
MOELASTIC STRAIN IN A SEMI-INFINITE PLATE 
CONTAINING A SEMICIRCULAR NOTCH. Jézef 
Ignaczak. Arch. Mech. Stosowanej, No. 5, 1958, 
pp. 707-713. Presentation of a solution to the 
problem of thermal stress due to a nucleus of 
thermoelastic strain in the neighborhood of a unique 
semicircular notch. The solution obtained has the 
form of a series of coefficients that are determin- 
ed from a linear infinite system of algebraic e- 
quations. 


THERMAL STRESSES IN A BOX STRUCTURE, 
B. M. Lempriere. Coll. of Aeronautics, Cran- 
field, Note No. 84, July, 1958. 12 pp. Analysis 
using an energy method to determine the thermal 
stresses in a finite-length box structure resulting 
from uniform skin heating. The solution depends 
upon an eighth order differential equation with con- 
stant coefficients. 


Tubes 


TORSION OF SEMI-ELLIPTIC AND HOLLOW- 
ELLIPTIC SECTIONS. P. M. Quinlan. Natl. U. 
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Ireland, U. Coll., TN 4 (AFOSR TN 58-883) [AD 
203905], July, 1958. 23 pp. Application of con- 
formal mapping to reduce the torsion problem for 
hollow-elliptic and semielliptic sections to a po- 
tential problem in arectangle. In each case, both 
the appropriate stress function and the torsional 
rigidity are obtained in series form, and the ap- 
propriate asymptotic form of the series for the 
stress Components is given for use where greater 
precision is required. Solutions developed for the 
hollow-elliptic tube and the prolate semielliptic 
shaft check with existing solutions obtained by 
other methods. Calculations are performed to e- 
valuate the effects of cracking on the sections, and 
the results are presented in tabular form. 


Wings 


STRESS DISTRIBUTION IN MULTI-CELLULAR 
TORQUE BOXES DUE TO PRIMARY AND SECOND- 
ARY CREEP. K. A. V. Pandalai and S. A. Patel. 
Polytech. Inst. Bklyn., Dept. Aero. Eng. & Appl. 
Mech., PIBAL Rep. 480 (AFOSR TN 58-1074) 

[AD 207243 ], Dec., 1958. 22 pp. Description of a 
stress analysis using an elastic analog to reduce 
the creep problem to one of nonlinear elasticity. 
The governing equations for the determination of 
shear flow in the torque box are derived, Particu- 
lar examples for two-cell and three-cell boxes are 
solved numerically, and the results for shear flow 
and torque carried by each cell are plotted against 
the creep exponent which is a function of tempera- 
ture. Results indicate that the stress distribution 
and deformation due to creep can differ appreciably 
from that of the linear, elastic theory; the factors 
influencing this deviation being the geometry ofthe 
torque=box and the temperature. 


EFFECTS OF CROSS-SECTIONAL SHAPE, SO- 
LIDITY, AND DISTRIBUTION OF HEAT-TRANS- 
FER COEFFICIENT ON THE TORSIONAL STIFF- 
NESS OF THIN WINGS SUBJECTED TO AERODY- 
NAMIC HEATING. Appendix A - REDUCTION IN 
TORSIONAL STIFFNESS OF A MODIFIED DOUBLE 
WEDGE, Appendix B - REDUCTION IN TORSION- 
ALSTIFFNESS OF A MULTIWEB WEDGE. Ap- 
pendix C - EFFECT OF A VARIABLE HEAT- 
TRANSFER COEFFICIENT ON REDUCTION OF 
TORSIONAL STIFFNESS. R.G. Thomson. US, 
NASA Memo, 1-30-59L, Feb., 1959. 31 pp. Study 
indicating that the flattening of a solid double wedge 
decreases the reduction in torsional stiffness, while 
slight degrees of blunting increase the loss. The 
influence of chordwise variations in heat-transfer 
coefficient due to turbulent and laminar boundary- 
layer flow on the torsional stiffness of solid wings 
is negligible. The effect of a step transition in 
heat-transfer coefficient along the chord of a solid 
wing can become appreciable. The torsional-stiff 
hess reduction of multiweb and hollow double- 
wedge wings is substantially less than that calculat- 
ed for a solid wing subjected to the same heating 
conditions, 


THERMODYNAMICS 
Combustion 


FLAME STRUCTURE STUDIES. IV - PREMIX- 
ED CARBON MONOXIDE COMBUSTION, Raymond 


(63) 


Friedman and R, G. Nugent. Atlantic Res. Corp., 
Squid TR ARC-3-P [AD 156505], Apr., 1958. 18pp 
Investigation making use of temperature and com- 
position traverses made in lean CO-O flames with 
small proportions of added hydrogen and water va- 
por. The flame reaction consisted of a rapid step 
associated with intense luminosity, followed by a 
much slower process in which the last of the CO 
was consumed. Hydrogen and water vapor are not 
interchangeable as additives for the lean CO-O 
flames. The hydrogen additives give a higher burn 
ing velocity and a more rapid second stage reac- 
tion. 


OPTICAL STUDIES OF THE STRUCTURE OF 
TURBULENT FLAMES. Kurt Wohl and R. H. 
Atalla. U. Del., Squid TR DEL-ll-P [AD 156948], 
Apr., 1958. 20 pp. Investigation to decide which 
of two models, fluctuating laminar flame front or 
homogeneous expanded reaction zone, prevails at 
conditions of turbulence ordinarily encountered. 
Traverses of the various types of visible radiation 
and of infrared water vapor radiation through 
three propane-air flames are compared. 


FLOW FIELD OF A FLAME IN A CHANNEL, 
M. S. Uberoi. Phys. Fluids, Jan.-Feb., 1959, 
pp. 72-78. Study in which a stationary flame is 
stabilized in a two-dimensional channel in such a 
way that it closely corresponds to the case of a 
flame propagating in a channel. The entire flow 
field of unburned and burned gases is mapped by 
taking stroboscopic photographs of small particles 
suspended in the combustible gases. The asymp- 
totic flow field of the burned gases is analyzed in 
terms of flow conditions of the flame. The possi- 
bility of obtaining an analytic flow field on the basis 
of constant flame speed is examined. It appears 
that no solution exists unless the channel walls in 
the region of burned gases are displaced inward. 
It is observed that the convex flames are possible 
and concave ones impossible within the framework 
of a theory based on constant flame speed. 


THE STUDY OF FLOW AND REACTION RATES 
IN TURBULENT FLAMES, R. P. Barbor, J. D. 
Larkin, and C. W. Shipman. U. Del., Squid TR 
DEL-8-P [AD 147703], Dec., 1957. 38 pp. Inves- 
tigation of the feasibility of using reaction rates as 
a function of position within turbulent flames as an 
approach to the problem of flame propagation. 
Static and impact pressure measurements and 
chemical composition analyses are made in the 
burning zones of two simulated ram-jet combustion 
chambers. The method presents one approach to 
the propagation problem by relating the reaction 
rate to mean flow patterns which may change 
through the burning zone. 


COMPOSITION TRAVERSES IN CURVED LAMI- 
NAR FLAME FRONTS. G. H. Markstein. Cornell 
Aero. Lab., Squid TR CAL-75-P [AD 156503], 
Apr., 1958. 2lpp. 2l refs. Measurements of 
composition profiles in curved regions of laminar 
flame fronts indicate shifts of composition and 
temperature in qualitative agreement with predic- 
tions based on a transport process across flow 
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lines. The results are compatible with the changes 
of burning velocity required by fluid dynamics a- 
nalysis. The lack of an adequate theory of the 


structure of two-dimensional flame fronts precludes 


at present a quantitative evaluation of the results 
of transport processes. 


ON THE STRUCTURE OF DETONATION 
WAVES. T. C. Adamson. U. Mich., Squid TR 
MICH-4-M [AD 156509], Apr., 1958. 19 pp. Anal 
ysis considering a standing, normal detonation 
wave to determine whether the shock-produced 
temperature jump is sufficient in itself in order 
that the heat transfer be negligible, or whether the 
heat transfer mechanism is important enough to be 
included in any calculation. The wave is assumed 
to be a shock followed by combustion, and the re- 
action is assumed to be a first order reaction fol- 
lowing the Arrhenius rate law. 


IONIZATION IN DETONATION WAVES. Satyaki 
Basu and J. A. Fay. MIT, Squid TR MIT-17-P 
[AD 156502], Apr., 1958. 16 pp. 14 refs. Meas- 
urement of the electrical conductance of stoichio- 
metric oxy-hydrogen detonation waves with initial 
pressures of 1/10 to 1 atm. and of oxy-acetylene 
detonation waves at 1 atm. initial pressure. E- 
quilibrium ionization appeared to be achieved 
in detonation waves in the mixtures tested. 
Nitrous oxide (NOt) formation dominated the 
ionization in the oxy-hydrogen detonation waves. 
The gas conductance for the oxy-acetylene waves 
with 66% CH, in the initial mixture corresponded 
to homogeneous rather than total equilibrium. At 
richer mixtures, the conductance was higher than 


the theoretical one by a factor of about ten. 


Heat Transfer 


HEAT TRANSFER BY FREE CONVECTION 
WITH NATURAL COUNTER-FLOW BETWEEN 
LIQUID AND THE INSIDE WALLS OF VERTICAL 
PASSAGES, S. A. Guerrieri, C. V. Foster, and 
L. L. Saphier. U. Del., Squid TR DEL-7-R 
[AD 145988], Oct., 1957. 87 pp. 18 refs. Investi- 
gation of free convection with natural counterflow 
between liquids and the inside walls of vertical 
tubes. Water, oil, and normal butane are studied 
inside 12-in. vertical tubes of 0.50, 0.75, 1.0,and 
3.0 in. Flow rates and inlet and outlet tempera- 
tures of the heating and cooling fluid streams are 
taken. The heat transfer results are presented as 
plots of the Nusselt Number (Nyy) versus the prod 
uct of the Grashof Number (Nc_) and the Prandtl 
Number (Np,)- The product of (N;,.) and (Np,) 
was varied over a range from 1010 to 3 x 1014, 
Below 5 x 101 the data may be fairly well repre- 
sented by published correlations for vertical flat 
plates in air; in the higher ranges, the data lie 
near a line parallel to, but almost above, the 
Eckert-Jackson semiempirical equation. 


THE ANALYTICAL DETERMINATION OF THE 
LOCAL HEAT TRANSFER CHARACTERISTICS OF 
GASES FLOWING TURBULENTLY IN THE THER- 
MAL ENTRANCE REGION OF A CIRCULAR DUCT 
WITH LARGE TEMPERATURE DIFFERENCES BE, 
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TWEEN THE GAS AND THE DUCT WALL, Hel- 
mut Wolf andM. J. Zucrow. Purdue U.,Squid TR 
PUR-35-M[AD156180], Dec., 1957. 47; 42; 38; 44; 

39 pp. Analysis of flow with heat transfer for a 
fluid flowing through a circular duct of constant 
area under laminar and turbulent flow conditions, 
Calculations are made of the heat transfer charac- 
teristics for air and in the entrance region and 
of local values of the Nusselt Number and friction 
coefficient at nominal values of Reynolds Number, 
The intensity of heating or cooling caused a larger 
change in the local Nusselt Number for air than 
CO2 under similar conditions of flow at a given 
axial position. 


DETAILS OF EXACT LOW PRANDTL NUMBER 
BOUNDARY-LAYER SOLUTIONS FOR FORCED 
AND FOR FREE CONVECTION, E. M. Sparrow 
and J. L. Gregg. US, NASA Memo. 2-27-59E, 
Feb., 1959. 45 pp. 13 refs. Presentation of exact 
numerical solutions considering (1) forced convec- 
tion over a flat plate for uniform wall temperature 
and uniform wall heat flux, and (2) free convection 
over an isothermal vertical plate. Heat transfer 
and shear-stress characteristics, as well as tem- 
perature and velocity distributions are presented, 
The heat-transfer results are correlated interms 
of dimensionless parameters varying only slightly 
over the entire liquid-metal range. A comparison 
of previous analytical and experimental work with 
the new exact solutions is made. 


RELAXATION PHENOMENA IN FLOW PROB- 
LEMS. Andrzej Szaniawski. Arch. Mech. Stoso- 
wanej, No. 5, 1958, pp. 671-698. ll refs. Study 
considering the influence of relaxation phenomena 
on the establishment of general equations of fluid 
motion. The analysis uses the methods for the 
thermodynamics of irreversible processes intro- 
duced by Onsager. The basic assumption states 
that the number of parameters for the state of e- 
quilibrium differs from that of the state of pertur- 
bation. In the latter case, the temperature is not 
determined and the entropy is calculated by means 
of the methods of statistic thermodynamics. 


VTOL & STOL 


SEMIEMPIRICAL PROCEDURE FOR ESTIMAT- 
ING LIFT AND DRAG CHARACTERISTICS OF 
PROPELLER-WING-F LAP CONFIGURATIONS 
FOR VERTICAL- AND SHORT-TAKE-OFF-AND- 
LANDING AIRPLANES, R. E. Kuhn. US, NASA 
Memo, 1-16-59L, Feb., 1959. 38 pp. 26 refs. 
Development of semiempirical expressions using 
the momentum theory for calculating the effect of 
propeller thrust and slipstream. The method uses 
measured power-off, forward-speed data and 
measured slipstream deflection data at zero for- 
ward speed to provide a basis for estimating the 
lift and drag at combined forward speed and power 
on conditions. A correlation of slipstream deflec- 
tion data is included and a comparison of experi- 
mental data with calculated results is made. The 
procedure is applicable only in the unstalled flight 
regime, but could be used in preliminary design 
estimates of the performance to be expected of 
VTOL and STOL aircraft. 
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All under one roof... 


A complete R&D service on 
materials and processes offered 
by one company...at one plant 


The engineers and scientists who laid the groundwork for modern 
missile technology are available to help you with your research. They 
have the experience and the equipment to solve any problem in mate- 
rials research or processes development. No assignment is too large for 
them, none too small. They work on a business-like, on-schedule basis 
—and they know military requirements from A to Z. Put these men to 
work on your problem. Phone or write: Manager, Missile Division 
Laboratory, North American Aviation, Inc., Downey, California. 


Services offered include research, development, evaluation, consulta- 
tion, and testing in each of these 17 functional areas: 


PLASTICS « RUBBER & SEALANTS « ADHESIVES « FUELS 
SOLDERING & BRAZING « METAL FORMING e LUBRICANTS 
HEAT TREATING ¢« CORROSION ¢ PROTECTIVE COATINGS 
CLEANING « PLATING « CHEM-MILL ¢ SPECIFICATIONS 
WELDING « CERAMICS & INSULATION ¢ COMPATIBILITY 


MISSILE DIVISION LABORATORY 
North American Aviation, Inc. AWA 
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quency, and that it should be free from any major 
increase in dynamic modulus with frequency. 

Aircraft Timber. V-—Glues and Ce- 
ments. D. W. Richardson. SLAE J., Dec 
1958, pp. 7-14. 

Choosing and Using Rubber-Base Adhesives. 
R. K. Humke Mach. Des., Jan. 8, 1959, pp 
128, 129, 132-136. 

Untersuchungen von Glasfaserpolyester- 
Kunststoffen zur Verwendung im Flugzeug- und 
Fahrzeugbau. H. Winter, G. Niederstadt, and 
W. H. Boehm. DFL Inst. Flugzeugbau Bericht 
No. 97; No. 976, 1958. 134 pp. 639 refs 
In German Description of experimental in 
vestigations to establish production and testing 
techniques. Tests cover laminated fabrics of 
various constructions, and the tensile strength 
elasticity, as well as the effect of humidity and 
residual stresses are determined. Includes ex 
tensive survey of the literature. 

Progress in High Temperature Resins: Ep- 
oxy Novolacs. D. D. Applegath, ‘ee F. Helm 
reich, and G. A. Sweeney. SPE J., Jan., 1959 
pp. 38-42. Discussion of properties ‘st a new resin 
which combines the thermal stability of novolacs 
with the fabricating ease of conventional epoxy 
resins. 


Testing Methods 


A Photo-Electric Load Monitor for Rapid 
Tensile Testing. B. F. Billing. Gt. Brit. RAE 
TN Met. 293, July, 1958. 8 pp. 


Mathematics 


The Coexistence Problem for Hill’s Equation. 
Appendix—The Classification of Linear Dif- 
em Equations. S. Winkler and W. Magnus 

NYU Inst. Math. Sci Div. Electromagn 
Res., Res. Rep. BR 26 (AFOSR TN 58-660) 
[AD 162191), July, 1958. 91 pp. 48 refs. In 
vestigation of Hill's equation with a coefficient 
of period ~. The coexistence of two linearly 
independent solutions with period x or 2 @ is con 
sidered, as well as the cases of a four-parametric 
equation which can be transformed into an equa 
tion of Hill’s type. The existence of solutions 
admitting a terminating Fourier expansion is 
investigated, and partial answers are provided 

On a Lemma of U. V. Linnik. A. Devinatz 
Wash. U. (St. Louis), Dept. Math. Rep. (AFOSR 
TN 58-552) [AD 158370], July 17,1958. 3 pp 

O Vychisleniiakh, s Proverxoi 
Gipotezy Rimana. N. A. Meller. AN SSSR 
Doki., Nov. 11, 1958, pp 246-248. In Russian 
Results of calculations performed on an elec 
tronic computer in order to verify the Riemann hy 
pothesis, 


Ob Asimptoticheskom Kharaktere Formul 
M. A. Lavrent’eva. Iu. P. Ivanilov, N. N 
Moiseev, and A. M. Ter-Krikorov. AN SSSR 
Dokl., Nov. 11, 1958, pp. 231-234. In Russian 
Determination of the asymptotic character of 
Lavrentiev’s formulas, using a method which 
extends to the case of spatial problems and per 
mits the verification of given formulas. 


O Priblizhennom Reshenii Poligarmonicheskoi 
ge A. F. Zolin. AN SSSR Dokl., Oct 
, 1958, pp. 971-973. In Russian. Derivation 
‘an approximate solution for the polyharmonic 
problem. 


Zadacha Koshi dlia Uravneniia Tipa S. L. 
Soboleva. L.N. Prokopenko. AN SSSR Doki., 
Oct. 21, 1958, pp. 990-993. In Russian. An 
alysis of the Cauchy problem for the Sobolev 
type of equation neglecting the previously intro 
duced limiting condition. 


On Some Problems of Gel’fand. Kenneth 
Hoffman and I. M. Singer. MIT Dept. Math 
TR (AFOSR TN 58-595) [AD 162119], July 28 
1958. 47 pp. Study of Banach algebras which are 
uniformly closed subalgebras C(Y) of all con 
tinuous complex-valued functions on a compact 
Hausdorff space Y. 


An Extremum Problem. Harold Widom 
Cornell U. Dept. Math. Rep. 69 (AFOSR TN 
57-536) [AD 136522], Sept., 1957. 12 pp. 


On a Problem of S. Mazur. Branko Griin 
baum. Hebrew U. Dept. Math. TN 4 (AFOSR 
TN 58-401) [AD 158203], Jan., 1958. 4 pp 
Proof that a three-dimensional convex body K 
with a center 0 contains no flame sections 
affinely equivalent to all centrally symmetric 
plane convex bodies. 


Tensor Products of Banach Algebras. B. R 
Gelbaum. Minn. U. Rep. (AFOSR TN 58-373) 
[A D 154279], Apr. 30,1958. 20 pp. 


I—On the oi a of Metrisable Lie Alge- 
bras. H. S. Ruse. Royal Soc. (Edinburgh) 
Proc., Sect. A, Pt. 1957-58, pp. 1-12. 


V—On Certain Classes of Linear Algebras of 
Genus One. E.M. Patterson. Royal Soc. 
burgh) Proc., Sect. A, Pt. 1, 1957-58, pp. 
Application of previous results for classi 
Jordan algebras of genus one and for obtaining 
necessary and sufficient conditions for an alge 
bra of genus one to be simple. . ‘ 

lex Four-Di ional Lie Algebras. 

; Royal Soc. (Edinburgh) Proc., 

Sect. A, Pt. i, 1957-58, pp. 72-83. Presentation 
of canonical forms of the four-dimensional com 
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plex Lie algebras, obtained by considering the 
roots of certain well-defined vectors of the alge 
bras 

The Partition coe for Certain Simple Lie 
-— Jan Tarski U. Calif. Dept. Math. 

R FOSR TN 58-657) |AD 162188], Aug., 
1958 pp. 

On a Commutative Extension of a Commutative 
Banach Algebra. Ciprian Foias Pacific J 
Vath., Fall, 1958, pp. 407-410. 


Some Applications of Differential Geometry to 
the Interpretation of Physical Phenomena. 
P.O. Bell. Quart. Appl. Math., Jan., 1959, pp 

1} Presentation of some results for heat 
conduction and electrical charge distribution 

Dostatochnye Usloviia Odnolistnosti Resheniia 
Obratnykh Kraevykh Zadach. V. S. Rogozhin 
Priki. Mat. i Mekh., Nov.-Dec., 1958, pp. 804 
807. In Russian. Derivation of sufficient condi 
tions for the solution of certain boundary prob 
ler in the calculation of airfoil sections from 
specifications of the pressure distribution. 

Ob Odnoi Smeshannoi Kraevoi Zadache dlis 
Volnovogo Uravneniia. L. M. Flitman. Priki 
Mat. i Mekh., Nov.-Dec., 1958, pp. 829-832. In 
Russian Analysis of a mixed boundary prob 
lem for the case of wave equations applicable 
to the two ——- case of dynamic equa 
tions in the theory of elasticity 


Kraevoi Zadache. A. I 
AN SSSR Dokl., Oct. 21, 1958, pp. 982- 
10 refs. In Russian. Derivation of a solu 
tion for the two-point boundary problem 
An Approximate Solution of an Improper 
Boundary Value Problem. Jim Douglas, Jr., 
and T. M. Gallie, Jr. Duke U. Rep. (AFOSR 
TN 58-776) [AD 201924], Aug., 1958. 16 pp. 14 
rets 
Ob Algoritmicheskikh Problemakh v Effektivno- 
Polnykh Klassakh Grupp. S. I. Adian. AN 
SSSR Dokl., Nov. 1, 1958, pp. 13-16. In Rus 
siat Further generalization of theorems on algo 
rithmic problems in effectively complete classes of 
group 


1-335 


and Topological Semigroups. 
J. Rothman La. State U. Rep. (AFOSR TN 
741) [AD 201507], Sept. 11, 1958. 13 pp. 13 

“fs. Discussion on some of the structure of com 

commutative Hausdorff topological semi 
S The character (continuous complex 


1 homomorphisms) of such semigroups is 
dered, and results, analogous to the char 
theory of locally compact commutative 
ps, are obtained 
Homomorphisms of Transformation Groups. 
Robert Ellis and W. H. Gottschalk. Penn. L 
Math. Dept. Rep. (AFOSR TN 58-874) {AD 
203914)\, Nov. 30, 1958. 24 pp 
Abelian Groups Characterized by Their 
Independent Subsets. Wu-Chung Hsiang. Pa 
Math., Fall, 1958, pp. 447-457 


x dered Semigroups in Partially Ordered 
nigroups. R. J. Koch La. State U. Rep 
OSR TN 58-739) {|AD 201505), Sept. 11, 
1958. 6 pp. Analysis showing that a locally com- 
pact connected partially ordered local semigroup 
with unit contains a compact connected linearly 
ordered local subsemigroup (containing the 
unit 
Affine Semigroups. I. H. Cohen and H. S 
Collins. La. State U. Rep. (AFOSR TN 58- 
709 1D 162243), Aug. 20,1958. 26 pp 


On the Semigroun Structure of Continua. 
t. P. Hunter. La. State U. Rep. (AFOSR TN 
40) {AD 201506], Sept 11,1958. 21 pp. 22 


Stationary Points for Finite Transformation 
Groups. John Greever Va. U. Dept. Math. 
I'N 6 (AFOSR TN 58-797) |AD 202230), Aug., 
195 15 pp 

Associative Operations on Groups. II. S. 
Moran. London Math. Soc. Proc., 3rd Ser., Oct., 
1958, pp. 548-568. 25 refs Development of 
properties of verbal products and study showing 
th at the factor group of a free product with re 
spect to a verbal subgroup is an associative opera 
tion 


The Intrinsic Join: A Study of 7” Homotopy 
| pe of Stiefel Manifolds. I. M. James 
n Math. Soc. Proc., 3rd Ser Gu , 1958, pp. 
507 535. Study introducing an associative bi 
linear pairing of the homotopy groups of Stiefel 
manifolds, which corresponds to the joint opera- 
tion in the case of spheres. 


Optimum Equi-Distant Strip Formulae in 
Numerical Quadrature. J. Guest Australia, 

RL GW 7, Aug., 1958. 16 pp. Derivation of 
seven formulas for numerical quadrature by re- 
placing f(a + nh) by its Taylor equivalent as a 
power series in h and various derivatives of f(a). 


Ob Ustoichivosti Reshenii Integral’nykh Urav- 
nenii pri Razryynom Var’irovanii Iadra. I. V. 
Sukharevskii. AN SSSR Dokl., Oct. 11, 1958, 
pp. 774-777. In Russian. Evaluation of the 
stability of solutions for integral equations in the 
case of a discontinuous variation of the kernel. 


O Edinstvennosti Obobshchennogo Resheniia 
Zadachi Koshi dlia Sistem Kvazilineinykh Urav- 
nenii Giperbolicheskogo Tipa. B. L. Rozhde- 
stvenskii. AN SSSR Dokl., Oct. 11, 1958, pp. 
762-765. 11 refs. In Russian. Analysis cov 
ering the uniqueness of the generalized solution of 
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the Cauchy problem for systems of quasilinear 
hyperbolic equations 

O Edinstvennosti Resheniia Vyrozhdaiushchikh- 
sia Uravnenii i Zhestkosti Poverkhnostei. Sun’ 
Khen-Shen. AN SSSR Dokl., Oct. 11, 1958, pp. 
770-773. In Russian. Determination of the 
uniqueness of the solution for degenerating equa- 
tions and the rigidity of surfaces. Three specific 
problems are illustrated 

Predstavieniia Reshenii Uravneniia_Eilera- 
Puassona-Darbu pri Otritsatel’nom Koeffitsiente, 
Iu. P. Krivenkov AN SSSR Dokl., Nov. 
1958, pp. 239-242. In Russian. Representation 
of solutions for the Euler-Poisson-Darboux equa- 
tion in the case of a negative coefficient 

O Razryvakh Funktsii Grina Smeshannoi Za- 
dachi dlia Volnovogo Uravneniia i o Nekotorykh 
Difraktsionnykh Zadachakh. A. Ia. Povzner and 
I. V. Sukharevskii. AN SSSR Dokl., Oct. 21, 
1958, pp. 985-989. In Russian. Determination 
of the discontinuities of the Green function in a 
mixed problem for the wave equation and some 
diffraction problems 

The Analytic Cauchy Problem for the Iterated 
Wave Equation. E. P Miles, Jr. U. Md. Inst. 
Fluid Dynamics & Appl. Math. TN BN-133 
(AFOSR TN 58-340) [2 iD 154245], Apr., 1958, 
13 pp. Development of a basic set of poly no- 
mial solutions for the iterated wave equation from 
which an explicit closed form solution of the as- 
sociated Cauchy problem with polynomial data is 
obtained. 

A Wiener-Hopf Equation of the First Kind. 
Harry Pollard and Harold Widom. Cornell U. 
Dept. Math. Rep. 74 (AFOSR TN 57-750) [AD 
136738), Dec., 1957. 8 pp 

On a Nonlinear Integral Equation. Komarath 
Padmavally. N.C. U. Rep. 8 (AFOSR TN 58- 
598) [AD 162123), Jan., 19: 58. 32 pp Solution 
of an integral equation arising in connection with 
a problem of nonlinear diffusion from a variable 
heat source to a semi-infinite rod initially at zero 
temperature 


Reshenie ‘‘v Tselom’’ Kraevoi Zadachi dlia 
Uravnenii Nav’e-Stoksa v Sluchae Dvukh Pro- 
stranstvennykh Peremennykh. O. A. Lady- 
zhenskaia. AN SSSR Dokl., Nov. 21, 1958, pp. 
427-429. In Russian. Derivation of a solution 
to the boundary problem for Navier-Stokes equa- 
tions in the case of two space variables. 

Nekotorye Zadachi dlia Uravneniia 
Puassona-Darbu. Iu. P. Krivenkov. SSR 
Dokl., Nov. 21, 1958, pp. 397-400. In fe an 
Analysis of three problems for the Euler-Poisson- 
Darboux equation 


Reshenie Sistemy Konechnoraznostnykh Urav- 
nenii, Sootvetstvuiushchei Zadache Dirikhle, s 
Pomoshchiu Normal’noi Posledovatel’nosti Zna- 
kov. A. G. Postnikov AN SSSR Dokl., Nov 
21, 1958, pp. 407-409. In Russian. Derivation 
of a solution for a set of simultaneous difference 
equations corresponding to the Dirichlet problem, 
using a normal sequence of digits. 

A Generalization of Latta’s Method for the 
Solution of Integral Equations. Marvin Shin- 
brot. Quart. Appl. Math., Jan., 1959, pp. 415- 
421. 

On the First Stability Interval of the Hill 
Equation. C. R. Putnam. Quart. Appl. Math., 
Jan., 1959, pp. 421, 422 

Continuous Products and Nonlinear Integral 
Equations. J. W. Neuberger. Pacific J. Math., 
Fall, 1958, pp. 529-549 


Periodic Transformations and Fixed Point 
Theorems. II—Manifolds. S. D. Liao. Sci- 
entia Sinica, Nov., 1958, pp. 987-1,021. 11 refs. 
Analysis of a transformation T of prime period 
acting on a compact orientable n-dimensional 
manifold. 


Fixed Points. I--A Space of Subsets Having 
the Fixed Point Property. C. E. Capel and W. 
L. Strother. I]—Retracts from Neighborhood 
Retracts. W. L. Strother and L. E. Ward, Jr. 
III—A Theorem of Hamilton: Counterexample. 
C. E. Capel and W. L. Strother. Miami U. TR 
(AFOSR TR 58-142) [AD 204551], June 1, 
1955-Sept. 30, 1958. 24 pp. 24 refs. 


Research in the Area of Mathematical Analysis. 
Hebrew U. Dept. Math. FTR (AFOSR TR _ 58- 
111) [AD 201859], July, 1958. 27 pp. Sum- 
mary of research on partial differential equa- 
tions, elliptic boundary problems, linear opera- 
tors in Banach spaces, and conformal mapping. 


A Simplified Numerical Analysis. C. E. Maley. 
RAeS J., Jan., 1959, pp. 59-62. Development of 
a calculus amenable both to human and engine 
computations. The primary development is 
through a determinantal geometry of high mne- 
monic value which is then reduced to matrix 
form. An illustrative example is given. 


Synthesis of Markoff Chains. Peter Frank. 
Columbia U. Rep. (AFOSR TN 58-809) [AD 
202354), Sept. 3, M9 58. 6 pp. 

O Chisle Nerazlozhimykh Setei i Nekotorykh 
ikh Svoistvakh. F. Ia. Betukhnovskii. AN 
SSSR Dokl., Nov. 21, 1958, pp. 391-394. In 
Russian. Analysis covering the number of un- 
decomposable nets and some of their properties. 


On Gauss’ Speeding Up Device in the Theory 
of Single Step Iteration. A. M. Ostrowski. 
Math. Tables & Aids to Comp.. Apr., 1958, pp. 
116-132. 15 refs 
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Space Technology Laboratories is responsible for the over-all systems engineering, technical direction 
and related research for the Air Force Intercontinental and Intermediate Range Ballistic Missile Programs and 
for the highly successful Thor-Able series of 1cBM range re-entry launches. @ In addition, sTL carries out spe- 
cial experimental projects for such agencies as the National Aeronautics and Space Administration and the 
Advanced Research Projects Agency. On behalf of these agencies and in conjunction with the Air Force Bal- 
listic Missile Division, stt designed and produced the Pioneer I payload, one of the most sophisticated fact- 
4inding devices ever launched into space. In addition, stL provided systems engineering and technical direction 
for the Air Force satellite, the Atlas score.™@ In support of these and future requirements, STL’s activities pro- 
vide a medium through which scientists and engineers are able to direct their interests and abilities towards 
the solution of complex space age problems. sTL invites inquiries regarding staff openings in any of the five 


major areas of the company’s activities. 


Electronics Laboratory 
provides technical direction for, and 
conducts studies leading to, design and 
specifications of advanced guidance, 
control, and communication systems; 
also packaging, environmental testing 
and over-all checkout. 


Astrovehicles Laboratory 


Physical Research Laboratory -.. conceives, evaluates, designs, devel- 


...conducts basic research including 


ops, and tests space vehicle systems; 


analytical and experimental investiga- 
tions in magnetohydrodynamics, ther- 
monuclear power, plasma physics, and 


provides technical direction of propul- 
sion, nose cone, and airframe sub- 
systems; explores new propulsion, 


low temperature solid state physics. airframe, re-entry, and ground hand- 


ling techniques. 


Computation & Data Reduction Center 
--.-provides a centralized mathe- 
matical and computing facility and 
engages in advanced research in data 
systems, information theory, computa- 
tion systems and automatic program- 
ming, systems and hardware simulation, 
and applied mathematics. 


Systems Engineering Division 
..-has the over-all responsibility for 
the system integration of the Atlas, 
Titan, Thor, and Minuteman weapons 
systems, in addition to responsibility 
for technical direction of the airframe, 
sub-system, assembly and test, and 
ground support activities; evaluates 
proposed future weapons and space 
systems. 


Space Technology Laboratories, Inc., P.O. Box 95004, Los Angeles 45, California 
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Extension of Lindow’s Tables for Numerical 
Differentiation Using Newton-Stirling and “— 
ton-Bessel Differences. H. E. Salzer and G. 
Kimbro. Math. Tables & Aids to Comp., — 
1958, pp. 133-136. 

Duomorphisms and Clans on an Interval. R 
C. Phillips. La. State U. Rep. (AFOSR TN 58 
710) {AD 162244), Aug. 20, 1958. Study 
characterizing the clans (compact connected 
Hausdorff topological semigroups with an identity 
element) which are homeomorphic to a unit in- 
terval and which have a nondegenerate kernel. 

Clans with Zero onanInterval. Haskell Cohen 
and L. I. Wade. La. State U. Rep. (AFOSR TN 
57-34) [AD 115072), Jan. 14, 1957. 21 pp. 

Continuous Homomorphic Images of Real Clans 
with Zero. Haskell Cohen and I. S. Krule. La 
State U. Rep. (AFOSR TN 58-433) [AD 158- 
237), June 55,1958. Spp. 

O Viozhenii Normal’nykh Prostranstv v Bikom- 
pakty Togo zhe Vesa i Toi zhe Razmernosti. E 
Skliarenko. AN SSSR Dokl., Nov. 1, 1958, pp 
36-39. In Russian. Analysis covering the im- 
bedding of normal spaces into bicompacts of the 
same weight and dimensions, 

O Kvadratnom Korne iz Lineinogo Operatora v 
Lokal’no Vypuklykh Prostranstvakh. M. M 
Vainberg and Ia. L. Engel’son. AN SSSR Dokl 
Oct. 11, 1958, pp. 755-758. In Russian. Anal 
ysis covering the case of the square root of a 
linear operator in locally convex spaces. 

Primer Nul’mernogo Normal’nogo Prostrans- 
tva, Imeiushchego Beskonechnuiu Razmernost’ v 
Smysle Pokrytii. Iu. Smirnov. AN SSSR 
Dokl., Nov. 1, 1958, pp. 40-42. In Russian 
Presentation of an example of zero-dimensional 
normal space having infinite dimensions in terms 
of covering. 

Opredelenie Vypukloi Poverkhnosti Dannoi 
Funktsiei - Glavnykh Krivizn. I. la. Bakel’ 
man. AN SSSR Dokl., Nov. 11, 1958, pp. 215 
218. In eee Definition of a convex surface 
by a given function of its main curvatures 

Arcs in Partially Ordered Spaces. R. J. Koch 
La. State U. Rep. (AFOSR TN 58-397) [AD 
154306|, May 22,1958. 8pp. 10refs. Presen 
tation of a theorem on the existence of arcs in 
partially ordered spaces and application to several 
topological semigroups. 

Mapping and Space Relations. Paul Mc 
Dougle. Va. U. Dept. Math. TN 4 (AFOSR TN 
58-704) [AD 162238], July, 1958. 7 pp 

Hankel Matrices and Linear Functionals on 
Hardy Spaces. Marvin oop} Va. U 
Dept. Math. TN 8 (AFOSR TN 1028) [AD 
162295], Oct., 1958. 17 pp. 10 

Extensions and Obstructions for Rigs. Saun 
ders Mac Lane. (Jil. J. Math., Sept., 1958, pp 
316-345.) Chicago U. Dept. Math. Paper (AF 
OSR TN 57-776) [AD 148006}, 1958. 30 pp 
19 refs. Reprint. Application of the cohomol 
ogy theory of rings to a systematic treatment of 
the general extension problem for rings. 

Injective Modules Over Noetherian Rings. 
Eben Matlis. Pacific J. Math., Fall, 1958, pp 
511-528. Study of the structure and properties 
of injective modules, particularly over Noetherian 
rings. 

The Structure of Prime Rings Under Ascending 
Chain Conditions. A. . Goldie. London 
Math. Soc. Proc., 3rd Ser., Oct., 1958, pp. 589 
608. 

Generalized Goursat Problem for a 
bolic System. R. P. Holten. U. Calif. Dep 
Math. TR2(AFOSRTN 58-1008) [AD 306151), 
Dec., 1958. 89 pp. 17 refs. 


Basic Mathematical Research for Electromag- 
netic Theory. NYU Inst. Math. Sci. Div. 
Electromagn. Res., Final Rep. BR-25 (AFOSRTR 
58-80) [AD 158369], June, 1958. 17 pp. 66 
refs. Summary report on studies of mathemati- 
cal problems arising in electromagnetic problems. 
Discussion includes ordinary and partial differen- 
tial equations, integral equations, special func- 
tions, and asymptotic series solutions of electro 

magnetic problems. 

An Optimum Explicit Recurrence Formula for 
the Diffusion Equation. W.R. Mann and W. P. 
Timlake. (Elisha rar Sct. Soc. J., Nov., 
1957, pp. 255-257.) N.C.U. Rep. 7 (AFOSR TN 
58- 249) [AD 154152), Nov., 1957. 4 pp. Re- 
print. 

Ob Ustoichivosti Periodicheskikh Dvizhenii. 
M. A. Aizerman and F. R. Gantmakher. Prikl 
Mat. i Mekh., Nov.-Dec., 1958, pp. 750-758. 
In Russian. Analysis of the stability of periodic 
solutions for a system of differential equations 


A Stability Criterion for Quasi-Harmonic Vi- 
brations. Aurel Wintner. Quart. Appl. Math., 
Jan., 1959, pp. 423-426. 

On the Phragmén-Lindeléf Theorem and Some 
Applications. Hans Rademacher. Cornell U. 
Dept. Math. Rep. 66 (AFOSR TN 57-453) [AD 
136443), Aug., 1957. 20pp. Presentation of the 
theorem that is valid uniformly for an infinite set 
of functions. The basic approach is to use a 
special subharmonic function for a lower estimate 
of a harmonic function. 


On Mean Central Limit Theorems. Carl- 
Gustav Esseen. KTH Trans. 121, 1958.. 30 pp. 


The Problem of Minimal Models in the Theory 
of Algebraic Surfaces. Oscar Zariski. Am. J. 
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Math., Jan., 1958, pp. 146-184, 
print 

A Generalization of a Theorem of Laguerre. 
Y. L. Luke. MRI Rep. (AFOSR TN 58-487) 
[A D 158295), June 15,1958. 27 pp. 

Inversion and Representation Theorems for a 
Generalized Laplace Integral. K. M. Saksena. 
Pacific J. Math., Fall, 1958, pp. 597-607. 

Nekotorye Obschie Teoremy o Povedenii 
Spektral’nykh Funktsii Differentsial’nykh Sistem 
Vtorogo Poriadka. 1.S. Kats. AN SSSR Doil., 
Oct. 21, 1958, pp. 974-977. In Russian. De 
velopment of general theorems on the behavior of 
spectral functions of second-order differential 
systems, 

Drobnye Stepeni nykh Opera- 
torov i Teoremy Vlozheniia. V and 
S. G. Krein. AN SSSR Dokl., fag 1958, pp. 
963-966. llrefs. In Russian. ts Thonn cover- 
ing fractional powers of differential operators and 
the imbedding theorems. 


A Proof of the Subgroup Theorem for Free 
Products. Saunders Mac Lane. Chicago U. Dept. 
Math. Rep. (AFOSR TN 58-69) [AD 148112}, 
Jan., 1958. 12 pp. 

Non-Abelian Cohomology and Van Kampen’s 
Theorem. Paul Olum. Cornell U. Dept. Math. 
Rep. 68 (AFOSR TN 57-485) [AD 136478}, 
Aug., 1957. 18 pp. Development of material 
on cohomology with nonabelian coefficients needed 
for work in the homotopy classification of map- 
pings, and presentation of a new proof of the van 
Kampen theorem on the fundamental group of 
the union of two topological spaces. 


The Phragmén-Lindeléf Theorem and Subhar- 
monic Functions. Hans Rademacher. Cornell 
U. Dept. Math. Rep 67 (AFOSR TN 57-457) 

1D 136448)|, Aug., 1957. 9 pp. Application of 
the method used previously on a Phragmén-Lin- 
deléf theorem to some other boundary conditions. 
he prescribed growth functions in the resulting 
theorems form successive steps of a logarithmic 
scale The existence theorem is treated by 
means of the Poisson formula. 

, The Theorems of Gauss. Daniel Shanks. 

acific J. Math., Fall, 1958, pp. 609-612. Study 
enh that two famous theorems of Gauss can 
be derived from a common source. 


On a Theorem of Kirszbraun. Branko Griin- 
baum. Hebrew U. Dept. Math. TN 3 (AFOSR 
[TN 58-401) [AD 158203), Jan., 1958. 8 pp 
Presentation of the conditions necessary for the 
extension property of a Banach space X. 


A General Tauberian Theorem Related to the 
Elementary Proof of the Prime Number Theorem. 
H. R. Pitt. London Math. Soc. Proc., 3rd Ser., 
Oct., 1958, pp. 569-588. 

A Set Function Defined for Convex Plane Do- 
mains. M. I. Aissen. Pacific J. Math., Fall, 
1958, pp. 383-399. Analysis defining a set func 
tion for bounded plane convex domains and a 
study of its properties. An analogy is presented 
to a classical set function from the theory of con- 
formal mapping. 


On the Representation of an Arbitrary Function 
by an Integral Involving MacDonald Functions of 
Complex Order. N. N. Lebedev. (AN SSSR 
Dokl., No. 6, 1947, p. 1,007.) ARL 
Trans. 16, Aug., 1958. 7 pp. 

Approximation by Bounded Analytic Functions: 
General Configurations. J. L. Walsh. Harvard 
l Rep. (AFOSR TN 58-703) [AD 162237], 
Aug., 1958. 10 pp. 

I—-Approximation of a Line Segment by 
Bounded Analytic Functions; Problem 8. II— 
Note on Approximation by Bounded Analytic 
Functions; Problem a. J. L. Walsh. Harvard 

pb. (AFOSR 58-393; TN 58-701) 
154302; AD 162235), May; Aug., 1958. 6; 
pp 

Otsenki Summ Veilia i Raspredelenie Prostykh 
Chisel. N. M. Korobov. AN SSSR _ Dokl., 
Nov. 1, 1958, pp. 28-31. In Russian. Analysis 
covering estimates of Weyl’s sums and the distri- 
bution of primes. 


The Finite Convolution Transform. Jerome 
Blackman and Harry Pollard. Cornell U. Rep. 
65 (AFOSR TN 57-452) [AD 136442], Aug., 
1957. 14 pp. Solution of an integral equation 
by suitable convolutions of infinite order. 


Semi-Compact Mappings. Paul McDougle. 
Va. U. Dept. Math. TN 5 (AFOSR TN 58-768) 
[AD 201923], July, 1958. 9 pp. Introduction 
of the semicompact mapping property to relate 
certain properties that are of importance in the 
study of decomposition spaces. 


Final Technical Report. G. D. Mostow. 
Johns Hopkins U. Dept. Math. Rep. (AFOSR TN 
58-101) [AD 162219], July, 1958. 4 pp. Sum- 
mary of research on representations of Lie groups 
by linear transformations of a linear space, and 
problems relating to the operations of a Lie group 
as a group of topological transformations on a 
manifold. 


14 refs. Re- 


Almost Periodic Compactifications. Karel De- 
leeuw and Irving Glicksberg. Stanford U oa. 
Math. & Statistics Lab. TN 1 (AFOSR TN 
934) [AD 205092], Dec. 16, 1958. 12 pp "33 
refs. Establishment of an approximation theory 
for certain semigroups. 


Improper Lorentz Transformations. J. 
McLennan, Jr. (Phys. Rev., Feb. 1958, pp. 
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986-989.) USAF OSR TN 58-32 [AD 14807 1), 
1958. 4 pp. 13 refs. Reprint. Discussion of 
the irreducible representations of the extended 
Lorentz group, including the space- and time-like 
reflections, 


An Unusual Stability Criterion for a Difference 
Analogue of the Heat Equation. Jim Douglas, 
Jr. Duke U. Rep. (AFOSR TN 58-767) [AD 
201922), Aug., 1998 5 pp. 

A Fundamental the Theory of 
Extensions of Valuations. S. Cohen and Oscar 
Zariski. Jil. J. Math., beer 1957. 8 pp. Re- 
print. AFOSR- supported study. 


On Multiplier Transformations. I. I. Hirsch. 
man, Jr. Wash. U. (St. Louis), Dept. Math. Rep. 
(AFOSR TN 58-179) [AD 152212}, 1958. 31 
pp. 

On Characterizations of the Euclidean Sphere, 
S. 1. Goldberg. Wayne State U. Dept. Math. Rep, 
(AFOSR TN 58-451) {AD 158257), Apr., 1958, 
13 pp. 

The Coerciveness Problem for Integro-Differ- 
ential Forms. Shmuel Agmon. Hebrew U. Dept. 
Math. TN 5 (AFOSR TN 58-671) [AD 162203}, 
May, 1958. 72 pp 

O Matematicheskikh Metodakh Kontrolia 
Abstraktnykh Preobrazovatelei. Iu. I. Zhurav- 
lev. AN SSSR Dokl., Nov. 11, 1958, pp. 227- 
230. In Russian. Evaluation of mathematical 
methods for controlling abstract transformations, 

K Obshchei Teorii Optimal’nykh Protsessoy, 
R. V. Gamkrelidze. AN SSSR Dokl., Nov. 11, 
1958, pp. 223-226. In Russian. Presentation 
of an approach to the theory of optimum proces- 
ses, based on the method of variations. 

Ob Operatornykh Algorifmakh. A. P. Ershov. 
AN SSSR Dokl., Oct. 21, 1958, pp. 967-970. In 
Russian. Development of a method for the solu- 
tion of problems of theoretical programming, in- 
cluding definition of operator algorithms. 


Compactness of Certain Mappings. G. 
Whyburn. Va. U. Dept. Math. TN 6 (AFOSR 
TN 58-450) [AD 158256), May, 1958. 14 pp 
Development of conditions which imply compact- 
ness of the mapping or properties closely related 
to mapping, and study of the implications in these 
related properties. 


On the Invariance of Openness. G. T. Why- 
burn. Va. U. Dept. Math. TN 5 (AFOSR TN 
58-200) [AD 152233], Feb., 1958. 7 pp. De- 
velopment of an invariance theorem concerning 
the Brouwer property, in which the property of 
being open is a topological invariant for subsets of 
the space. Certain types of mappings are es- 
tablished that yield not only the existence of spaces 
other than Euclidean manifolds having this prop- 
erty, but alsoa method of generating such spaces 
in a considerable variety of ways. 

A Method for Evaluating Certain Lattice Sums. 
A. A. Maradudin and G. H. Weiss. U. Md. Inst. 
Fluid Dynamics & Appl. Math. TN BN-148 
(AFOSR TN 58-927) [. 1D 2047 37), Sept., 1958. 
6 pp. Presentation of a method for transforming 
slowly convergent lattice sums into very rapidly 
convergent sums with the aid of asymptotic ex- 
pansions. 


Topological Structures for a Space of Continu- 
ous Functions. R. E. McGill. U. Md. Dept 
Math. Rep. (AFOSR TN 58 548) [AD 158365), 
June, 1958. 25 pp. Discussion of the properties 
and relationships of seven topologies on the linear 
space of real valued continuous functions defined 
on the closed unit interval. The theory of quasi- 
convergence classes is developed in order to have 
a unified method for defining many of the topol- 
ogies. 


Spectral Synthesis for the Circle. C.S. Herz 
Cornell U. Dept. Math. Rep 73 57- 
694) [AD 136687], Nov., 1957. 7 pp. Analysis 
showing that spectral synthesis holds for the cir- 
cumference of the unit circle in Euclidean R?. 


On the Construction of a Class of Error-Cor- 
recting Binary Signaling Codes. R.C. Bose and 
R. R. Kuebler, Ir. N.C. U. Inst. Statistics MS 
199 (AFOSR TN 58-551) [AD 158368], May, 
1958. 173 pp. 


On the Invariableness of Characteristic Ex- 
ponents Under Small Perturbations. H. M. 
Chang. Sci. Rec., Nov., 1958, pp. 351-354. 

Acyclic Continua in the Plane and Quasi-Com- 
plexes. J. E. Keisler. U. Mich. Rep. (AFOSR 
TN 58-656) [AD 162187], July, 1958. 20 pp. 
Analysis showing the existence of acyclic plane 
continua which are not quasi-complexes. A plane 
continuum may be T-like and still fail to be a 
quasi-complex. 


Almost Uniform Convergence Versus Pointwise 
Convergence. U. Md. Dept. Math. Rep. (AFOSR 
TN 58-799) [AD 202232), Aug., 1958. 6 pp. 
Study of the problem in which almost uni- 
form convergence of a net of functions is equiva- 
lent to pointwise convergence of a net of extended 
functions over an enlargement of the original do- 
main. 


Some Global Properties of Contact Structures. 

. Gray. Inst. Advanced Study, Princeton, 

N. J., Rep. (AFOSR TN 58-431) (AD 158235), 

May, 1958. 45 pp. 17 refs. Theoretical study 

of the existence of contact structures and of their 

fundamental properties. Contact transforma- 

tions and deformations of structures are analyzed, 
and the validity of Lie’s results is shown. 
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A Poincaré Problem. Komarath Padmavally. 
N.C. U. Rep. 9 (AFOSR TN 58-599) [AD 162- 
124], July, 1958. 30 pp. Investigation of a 
poundary value problem connected with the 
study of neutron flux in a reactor. 

Expansions in Series of Homogeneous Polyno- 
mial Solutions of the Two-Dimensional Wave 
Equation. D. V. Widder. Harvard U. Rep. 
(AFOSR TN 58-707) [AD 162241], Sept., 1958. 
14 pp. 

Expansions in Series of Homogeneous Polyno- 
mial Solutions of the General Two-Dimensional 
Linear Partial Differential Equation on the Second 
Order with Constant Coefficients. D.V. Widder. 
Harvard U. Rep. (AFOSR TN 58-706) [AD 
162240], Sept., 1958. 8 pp. 

The Solution and Huygens’ Principle for a 
Singular Cauchy Problem. D. W. Fox. U. 
Md. Inst. Fluid Dynamics & Appl. Math. TN 
BN-137 (AFOSR TN 58-568) [AD 158387], 
July, 1958. 37 pp. 12 refs. 

Note on Least-Square Approximation to an 
Analytic Function by Polynomials, as Measured 
by a Surface Integral. J. L. Walsh. Harvard 
U. Rep. (AFOSR TN 58-708) [AD 162242], 
Aug., 1958. 13 pp. 

Solution of the Dirichlet Problem for the Ellipse 
by Interpolating Harmonic Polynomials. L. 
Walsh. Harvard U. Rep. (AFOSR TN 58- 1001) 
[AD 206144], Oct., 1958. 7 pp. 

On Linear, Hyperbolic Equations of Second 
Order. A. Douglis. U. Md. Inst. Fluid Dynam- 
ics & Appl. Math. TN BN-139 (AFOSR TN 
58-558) [AD 158376], June, 1958. 25 pp. 
Method for reducing to an integral equation the 
problem of Cauchy for a linear, hyperbolic, partial 
differential equation of second order with variable, 
not necessarily analytic, coefficients. 


Axially Symmetric Solution of Elliptic Differen- 
tial Equations. R.C. McCamy and A. E. Heins. 
Carnegie Inst. Tech. Dept. Math. TR 24 (AFOSR 
TN 58-922) [AD 204558], Nov., 1958. 34 pp. 
15 refs. Derivations of representations exploit- 
ing the connection between elliptic equations and 
singular initial value problems for hyperbolic 
equations. The result is a correspondence be- 
tween solutions of the elliptic equations and 
functions of a complex variable. Certain bound- 
ary problems are solved with the aid of these 
representations. 

New Bounds for Solutions of Second Order 
Elliptic a, Differential Equations. L. E. 
Payne and H. Weinberger. Pacific J. Math., 
Fall, 1958, pp. 551 573. 14 refs. AFOSR-sup- 
ported study. 


Oscillation Criteria for Fourth-Order Linear 
Differential Equations. Henry Howard. Car- 
negie Inst. Tech. TR 21 (4 AFOSR TN 58-421) [AD 
158224], June, 1958. 42 pp. Development of 
oscillation criteria based of an eigenvalue prob- 
lem, and derivation on a variety of comparison 
theorems for fourth- and second-order equations. 


Obshchie Resheniia Differentsial’no-Raznost- 
nykh Uravnenii s Postoiannymi Koeffitsientami. 
M. S. Agranovich, AN SSSR Dokl., Nov. 1, 
1958, pp. 9-12. In Russian. Derivation of gen- 
eral solutions for differential difference equations 
with constant coefficients. 


O Privodimosti Kanonicheskoi Sistemy Dif- 
ferentsial’nykh Uravnenii_s Periodicheskimi 
Koeffitsientami. K. A. Breus. AN _ SS. 
Dokl., Nov. 1, 1958, pp. 21-24. In Russian. 
Analysis of the reducibility of the standard sys- 
tem of differential equations with periodic coeffi- 
cients. 


Primenenie Teorii Polugrupp k Issledovaniiu 
Differentsial’nkyh Uravnenii v Prostranstvakh 
Banakha. M. Z. Solomiak. AN SSSR Dokl., 
Oct. 11, 1958, pp. 766-769. In Russian. Appli- 
cation of the semigroup theory to the study of dif- 
ferential equations in Banach spaces. 


IV—The Differential Equations Associated 
with the Uniformization of Certain Algebraic 
Curves. R.A. Rankin. Royal Soc. (Edinburgh) 
Proc., Sect. A, Pt. I, 1957-58, pp. 35-62. 19 refs. 


Lower Bounds for the First Eigenvalue of Ellip- 
od oe and Related Topics. M. H. Prot- 
Calif. Dept. Math. TR 8 (AFOSR TN 

38. [A D 158238], June, 1958. 25 pp. 


A Comparison Theorem for Elliptic Equations. 
M.H. Protter. U. Calif. Dept. Math. TR 1 (AF- 
OSR TN 58-842) [AD 203332], Sept., 1958. 6 
PP. 


On Singularities of Solutions of Partial Dif- 
ferential Equations in Three Variables. Erwin 
Kreyszig. (Arch. Rational Mech. & Anal., No. 2, 
1958, pp. 131 -159.) Ohio State U. Res. "Found. 
TN 1 (AFOSR TN 58-933) [AD 205098], Dec., 
1958. 9 pp. 13 refs. Reprint. 


Ob Odnom Printsipe Sushchestvovaniia O- 
gtanichennykh, Periodicheskikh i Pochti-Perio- 
Differentsial’nykh Uravnenii. A. Krasnosel’- 
skii and A. I. Perov. AN SSSR. Dokl., Nov. 11, 
1958, pp. 235-238. 12 refs. In Russian. Anal- 
ysis covering a certain principle of the existence 
of bounded, periodic, and almost periodic solu- 
— for systems of ordinary differential equa- 
ions. 


Ob Odnom*¥ Sposobe Resheniia Integral’nykh 
Uravnenii pri Bol’shom Znachenii Parametra. 
I. A. Birger. Prikl. Mat. i Mekh., Nov.-Dec., 
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Trainer to X-15... 
and beyond 


ALL fly with 
Fluoroflex-T 
hose of Teflon 


There’s performance to spare in Fluoroflex-T 
hose assemblies. High temperatures? They serve 
to 500°F ...and beyond, in some cases. High 
pressures? They’ve passed rigid tests 

even for 4000 psi systems. Long impulse life? 
They’re tested to 250,000 cycles... more than double 
industry standards. Optimum reliability? 
They’ve been flying for more than 

five years in jet and reciprocating aircraft. 


That’s why Fluoroflex-T hose assemblies 

are favored for fuel, lubrication, hydraulic, 
escape and fire control systems in so many 
existing aircraft. And that’s why they’re being 
specified for so many aircraft now being 
designed — they have performance to spare. 


For data, write Department 231, 
RESISTOFLEX CORPORATION, Roseland, N. J. 
Other Plants: Burbank, California; Dallas, Texas. 


®Fluoroflez is a Resistoflex trademark, veg., U.S. pat. off. 
®Teflon is DuPont's trademark for TRE fluorocarbon resins. 
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1958, pp. 808, 809. In Russian. Presentation 
of a method for the solution of integral equations 
for the case where the parameter has a large value 


Obobshchennye Resheniia Differentsial’nykh 
Uravnenii Pervogo Poriakda v Gil’bertovom Pro- 
stranstve. P. E. Sobolevskii. AN SSSR Doki 
Oct. 21, 1958, pp. 994-996. In Russian. Deri 
vation of generalized solutions for the first-order 
differential equations in Hilbert space 


Sdviga. B. M. Levitan. AN SSSR Dokl., Nov 
21, 1958, pp. 401-404. In ends an. Determina 
tion of the adjoint operators of generalized trans 
lation. 


Proof of the Fundamental Theorem on Implicit 
Functions by Use of Composite Gradient Correc- 
tions. W.L. Hart and T.S. Motzkin. Pacific J 
Math., Fall, 1958, pp. 429-436. ONR-supported 
study. 


The Spectral Theory of Bounded Functions. 
x S. Herz. Inst. Advanced Study, Princeton, N 
J., Rep. (AFOSR TN 58-363) [AD 154268), Apr 
1958. 88 pp. 45 refs. Presentation of the 
fundamental concepts and survey covering the 
spectrum, point spectrum, potential theory and 
spectral analysis, spectral synthesis problem, rep 
resentations, and examples of spectral synthesis 


Operators and Their Fredholm Domain. J 
W. Brace. U. Md. Dept. Math. Rep. (AFOSR 
TN 58-851) [AD 203492], Sept., 1958. 23 pp 
19refs. Discussion on the concept of generalizing 
compact operators. An analogy to the Fredholm 
method for integral equations is given which is 
applicable to the Fredholm domain. 


Ispol’zovanie Drobnykh Stepenei Operatorov pri 
Izuchenii Riadov Fur’e po Sobstvennym Funksi- 
iam Differentsial’nykh Operatorov. M A 
Krasnosel’skii and E. I. Pustyl’nik. AN SSSR 
Dokl., Oct. 21, 1958, pp. 978-981. 
Russian. Application of fractional powers of 
operators to the study of Fourier series by eigen 
functions of differential operators. 


Equicontinuity and Almost Periodic Functions. 
Robert Ellis. Penn. U. Math. Dept. Rep. (Al 
OSR TN 58-118) [AD 152026], Nov. 3, 1958. 12 
pp. 

A Generalization of Faber’s Polynomials. | 
L. Walsh. Harvard U. Rep. (AFOSR TN 58 
417) [AD 158220], May, 1958. 21 pp. Theoret 
ical study showing the applicability of Faber’s 
original method in the simultaneous expansion in 
several disjoint Jordan regions of a function ana 
lytic in those regions, provided suitable modifica 
tions are made. A new set of polynomials with 
important properties is yielded. 

Many-Valued Logics. J. B. Rosser. Cornell 
U. Dept. Math. Rep. 70 (AFOSRTN 57-629) |AD 
136614), Oct., 1957. 3 pp. Abridged. 

The Representation of an Analytic Function by 
General Laguerre Series. Otto Szdsz and Nelson 
Yeardley. Pacific J. Math., Fall, 1958, pp. 621 
633. 12 refs. 

Multiple Fourier Analysis in Rectifier Prob- 
lems. R.L. Sternberg, J. S. Shipman, and Sh 
R. Zohn. Ouart. Appl. Math., Jan., 1959, pp 
335-360. 20 refs. Review of the one- and two 
frequency problem in multiple Fourier analysis of 
the output from a cut-off power law rectifier re 
sponding to a several-frequency input, and brief 
investigation of the three-frequency problem by a 
transcendental method of extension of previous 
results. 

Commutators on a Hilbert Space. III—On 
Bounded Matrices with Non-Negative Elements. 
IV—On Square Roots and Logarithms of Opera- 
tors. V—Onthe Numerical Ranges of Commuta- 
tors. VI—Commutators and Nermal Operators. 
C. R. Putnam. Purdue U. Dept. Math. TN 7; 


TN 4; TN 5; TN 6 (AFOSR TN 58-199; TN 
58-275; TN 58-115; TN 58-116) [AD 152232; 
AD 154177; AD 152023; AD 152024], May 


1958. 7; 2: 6; 4pp. 12refs. 

O Ravnomernom Raspredelenii Sistemy Funk- 
tsii, Iavliaiushcheisia Resheniem Sistemy Linei- 
nykh Konechnoraznostnykh Uravnenii Pervogo 
Poriadka. A. M. Polosuev. AN SSSR Doki 
Nov. 21, 1958, pp. 405-406. In Russian. Anal 
ysis of the uniform distribution of a system of 
functions representing a solution for the system of 
linear first-order difference equations. 


O Kontaktnykh Skhemakh dlia Monotonnykh 
Funktsii. N. A. , Karpova. AN SSSR _ Doki 

Nov. 1, 1958, pp. 25-27. In Russian. Compara 
tive analysis of contact schemes for monotonous 
functions. 


Asimptoticheskoe Vyrazhenie dlia Vyrozhden- 
noi Gipergeometricheskoi Funktsii. V. M 
Arutiunian, R. M. Muradian, and A. A. Sokolov 
AN SSSR Dokl., Oct. 11, 1958, pp. 751-754. 10 
refs. In Russian. Derivation of an asymptotic 
expression for a degenerated hypergeometric 
function. 

e Znacheniia i Sobstvennye Funktsii 
Nekotorykh Differentsial’nykh Operatorov Chet- 
‘oriadka s Malym Parametrom pri Star- 
shei Proizvodnoi. A. A. Shishkin. AN SSSR 
Dokl., Nov. 11, 1958, pp. 249-251. In Russian 
Determination ‘of eigenvalues and characteristic 
functions of some fourth-order differential opera 
tors containing a small parameter in the higher 
derivative term. 

O Kraevykh Zadachakh dlia Obshchikh Dif- 
ferentsial’nykh Operatorov v Chastnykh Proizvod- 
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nykh. Iu. M. Berezanskii AN SSSR Dokl., 
Oct. 21, 1958, pp. 959-962. Ilbrefs. In Russian. 
Derivation of boundary problems for general 

artial differential operators 

Riady Fur’e kak Apparat Priblizheniia Pochti- 
Periodicheskikh Funktsii. E Bredikhina 
1N SSSR Dokl., Nov. 11, 1958, pp. 219-222 
In Russian. Application of Fourier series as a 
means for approximating almost periodic func- 

ATED Teoremy Li dlia Operatorov Obob- 
shchennogo Sdviga. B.M. Levitan. AN SSSR 
] Nov. 11, 1958, pp. 243-245. In Russian 
Examination of conv erse Lie theorems for general 
operators of generalized translation. 

On Matrix Program Schemes. Iu. I. Ianov 
4N SSSR Dokl., vol. 113, No. 2, 1957, pp. 283 
28 Assoc. Comp Mach. Commun., Dec., 

158, pp. 3-6. Translation 

II—On Certain Moduli of Rectangular Ma- 
trices. C.R. Marathe ig Soc. (Edinburgh) 
I Sect. A, Pt. I, 1957-58, pp. 13-28. 12 refs. 

Linear Transformations on Algebras of Matri- 
ces. Marvin Marcus and B. N. Moyls. Brit 

U. Dept. Math. Rep. (AFOSR TN 58-667) 

1D 162199), Aug., 1958. 11 pp 

Extremal Properties of Hermitian Matrices. 
II Marvin Marcus, B. N. Moyls, and Roy West- 
wick. Brit. Col. U. Dept. Math. Rep. (AFOSR 

V 58-668) [AD 162200), Aug., 1958. 8 pp 

Limits for the Characteristic Roots of a Matrix. 
VII. A.T. Brauer. N.C.U.TR10(AFOSRTN 
58-659) [AD 162190], July, 1958. 14 pp 


On the Iterative Solution of the Matrix Equa- 
tion AX? -I = . Pentti Laasonen. Math. 

bles & Aids to Comp., Apr., 1958, pp. 109-116 
ONR-sponsored analysis 

A Note on Inverting a Certain Type of Patterned 
Matrix. S.N. Roy. N.C. U. Inst. Statistics MS 
191 (AFOSR TN 58-143) |AD 152170), Feb., 

158 3 pp 

Percentage Points of Wilks’ Linvc and Lye Cri- 
teria. J. Roy and V.K. Murthy. N.C. U. Inst 
Statistics MS 200 (AFOSR TN 58-553) {AD 
158371], June, 1958. 13 pp 

Real Roots of Real Dirichlet L-Series. II. 
|. B. Rosser. Cornell U. Dept. Math. Rep. 72 

1FOSR TN 57-631) [AD 136616), Oct., 1957. 

pp. Study concerning the distribution of 
primes in arithmetic progressions. 

An Upper Bound for the Variance of Certain 
Statistics. Wassily Hoeffding N.C. U. Inst 
Statistics MS 193 (AFOSR TN 58-243) [AD 
154145), Mar., 1958. 12 pp. 

A Third Order Rotatable Design in Four Di- 
mensions. N.R. Draper. N.C. U. Ints. Statis 
tics MS 198 (AFOSR TN 58-484) [AD 158292}, 
May, 1958. 5 pp 

Ona Characterization of the Triangular Associa- 
tion Scheme. S. S. Shrikhande. N.C. U. Inst. 

Statistics MS 206 (AFOSR TN 58-609) [AD 
162137), July, 1958. 16 pp. 

The Uniqueness of the L2 Association Scheme. 
S. S. Shrikhande. N.C. U. Inst. Statistics MS 
204, June, 1958. 25 pp. AFOSR-supported 
study of a converse problem of the L2 association 
scheme. The Le scheme for a class of partially 
balanced incomplete block design determines the 
parameters of the second kind. The converse 
problem considers whether or not these parame 
ters imply the L2 association scheme. Necessary 
conditions for the existence of such designs are also 
obtained 


Asymptotic Power and Independence of Certain 
Classes 3 ba on Categorical Data. E. L. Dia- 
mond . U. Inst. Statistics MS 196 (AFOSR 
TN 58-5< 49) ‘(AD 158366], Apr., 1958. 74 pp. 


20 refs 


Rotatable Designs of Second and Third Order 
in Three or More Dimensions. R. C. Bose and 
N.R. Draper. N.C. U. Inst. Statistics MS 197 

4FOSR TN 58-550) [AD 158367|, May, 1958. 
131 pp. Presentation of several new construc 
tion methods for obtaining rotatable designs of 
second and third order in three and higher dimen 


sions 


A Class of ina Replicate Incomplete Block 
Designs. J. Ro N.C. U. Inst. Statistics MS 
201 (AFOSR TN 58- $54) [AD 158372), June, 
1958. 21 pp. 13 refs. Presentation of two 
replicate designs called ‘‘simple partially linked 
block designs.’’ It is shown that with any of 
these designs, the variance of the estimate of the 
difference in effects of two treatments can be at 
the most of seven different types 


A Study of Independence and Dependence in 
Multivariate Normal Analysis. Rolf Bargmann. 
V.C. U. Inst. Statistics MS 186 (AFOSR TN 58- 
242) [ AD 154144), Dec., 1957. 95 pp. 49 refs 
Presentation of alternative tests for the hypothe- 
sis of independence, utilizing statistics which be 
long to the same general class as the likelihood 
ratio statistics. 

Sequential Estimation of the Mean of a Normal 
Population. H.E. Robbins. Columbia U. Rep. 

A1FOSR TN 58-800) [AD 202233), Aug., 1958 
15 pp 


Mechanics 
Exact Linear Simple Harmonic Motion by a 
Space-Linkage. K. H. Hunt Australian J. 
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Appl. Sci., Dec., 1958, pp. 332-336. Description 
of a range of space-linkages for converting uni. 
form rotation into linear simple harmonic motion 

K Zadache o Gorizontall’nom Gidrodinamiches. 
kom Udare Sfery. V. I. Mossakovskii and y 
L. Rvachev. Prikl. Mat. i Mekh., Nov.-Dec 
1958, pp. 847-849. In Russian. Development 
of a method for obtaining a closed-form solution 
to the problem of horizontal hydrodynamic im 
pact of a sphere 


Ploskaia Zadacha o Kolebaniiakh Tela pod 
Poverkhnost’iu Razdela Dvukh Zhidkostei. y 
S. Voitsenia Prikl. Mat. it Mekh., Nov.-Deec 
1958, pp. 789-803. In Russian Study covering 
the problem of wave motions generated by the 
vibrations of a body under the surface separating 
two liquids 


O Nekotorykh Chastnykh Resheniiakh Zadachi 
Dvizheniia Tiazhelogo Tverdogo Tela Vokrug 
Nepodvizhnoi Tochki. A. A. Bogoiavlenskij 
Prikl. Mat. i Mekh., Nov.-Dec., 1958, pp. 738 
749 14 refs In Russian Derivation of par 
ticular solutions for the problem covering the mo 
tion of a heavy solid body around a fixed point 


Ob Odnom Sluchae Malykh Kolebanii Fiziches- 
kogo Maiatnika s Podvizhnoi Tochkoi Opory, 
V. A. Andreev. Priki. Mat. i Mekh., Nov.-Dec 
1958, pp. 730-737. In Russian. Study of small 
fluctuations of the axis of dynamic symmetry ofa 
pendulum from the direction toward the earth's 
center for the case when the initial position of the 
axes did not coincide 


Meteorology 
A Decade of Research. R. C. Sutcliffe 
Meteorological Mag Nov., 1958, pp. 321-331 


71 refs. Presentation of some of the achieve 
ments made in the different branches of the science 
of meteorology during the last decade 


Meteorology and Longhaul Civil Turbine- 
Powered Aircraft Operations. WMO 
July, 1958, pp. 104-107. Review of the problems 
faced by meteorological services as a result of the 
introduction of longhaul turbine aircraft, and of 
the action taken to solve them. 


Modernizing Our National Aviation Weather 
System. F. W. Reichelderfer. Sperryscope, 4th 
Quart., 1958, pp. 12-16. Discussion of the major 
aviation service trends and problems. The avia- 
tion weather system for improved air traffic con- 
trol, navigation, and flight information is ex- 
amined. 


A Technique for Measuring Precipitation Parti- 
cles from Aircraft. E. N. Brown Meteorol- 
ogy, Oct., 1958, pp. 462-466 

Moisture Supply and Growth of Stratiform 
Precipitation. Raymond Wexler and_ David 
Atlas. J. Meteorology, Dec., 1958, pp. 531-538 
23 refs. USAF-sponsored derivation of the growth 
rates of precipitation in the steady state for dif- 
ferent layers of the atmosphere and of the varia 
tion with altitude of cloud liquid water and pre 
cipitation intensity 

Computation of Precipitation from Large-Scale 
Vertical Motion. S. J. Smebye. J. Meteorology 
Dec., 1958, pp. 547-560 16 refs. USAF-spon- 
sored application of the vorticity equation and 
the first law of thermodynamics to construct a 
model accounting for the precipitation due to 
large-scale vertical motion. The model is tested 
on different synoptic situations in the U.S., and 
the orographic influences are represented by a 
generalized topography 

Liquid Water Within Convective Clouds. 
Milton Draginis. J. Meteorology, Dec., 1958, pp 
481-485. USAF-sponsored study. 


La Structure des Nuages Cumulus et Cumulo- 
nimbus a la Lumiére des Etudes par Radar. 
Stanislaw Salamonik. Aero Rev., Dec., 1958, pp. 
659-661. In French. Study of the structure of 
cumulus and cumulonimbus clouds by means of 
radar observations 


A Comparison of Radiosonde and Meteorologi- 
cal Research Flight Humidity Measurements. 
C. H. Hinkel. Meteorological Mag., Nov., 1958, 
pp. 333-338 

Estimating the Variance of Density at Constant 
Height from Constant Pressure Data. ee 
Mook. Mo. Weather Rev., Aug., 1958, pp. 309- 
311. 


Lagrangian Wind Fluctuations at 300 mb De- 
rived from Transosonde Data. J. K. Angell. J. 
Meteorology, Dec., 1958, pp. 522-530. 15 refs. 


Some Observations of the Persistence of the 
Surface Pressure Distribution. Ralph Shapiro 
J. Meteorology, Oct., 1958, pp. 435-439. 


The Development of Efficient Linear Statistical 
Operators for the Prediction of Sea-Level Pres- 
sure. R. M. White, D. S. Cooley, R. C. Derby 
and F. A. Seaver. J. Meteorology, Oct., 1958, pp. 
426-434. 

Analysis of Atmospheric Turbulence Spectra 
Obtained from Concurrent Airplane and Tower 
Measurements. U. O. Lappe, B. Davidson, and 
C. B. Notess. JAS 27th Annual Meeting, New 
York, Jan. 26-29, 1959, Rep. 59-44. 27 pp. 
refs. Members, $0.50; nonmembers, $1.00 
Comparison of power spectral density estimates 
of the orthogonal turbulence components ob- 
tained from concurrent tower and airplane meas 
urements with the hypothesis of Taylor stating 
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Talk about a packaging job! 


Rohr takes a bare engine and adds up to five thousand Rohr- 
built parts to provide complete power units for most of 
America’s leading airliners (such as the beautiful Convair 880 jetliner shown above. ) 


These complex jet pods represent but one of the many kinds of aircraft parts designed 
and built by Rohr for such famous airplane builders as Boeing, Convair, Douglas, 
Lockheed, McDonnell, and North American. 


WORLD'S LARGEST ie , PRODUCER OF COMPONENTS FOR FLIGHT 


AIRCRAFT CORPORATION 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIFORNIA 
PLANT: RIVERSIDE, CALIF. / ASSEMBLY PLANTS: WINDER, GA., AUBURN, WASH. 
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that turbulence measured at a fixed point as a 
function of time can be simply related to turbu 
lence encountered along a path in space. 


Temperature Fluctuations in an Isotropic Tur- 
bulent Flow. Yoshimitsu Ogura. J. Meteorol 
ogy, Dec., 1958, pp. 539-546. 29refs. Analysis 
of the effect of applying Heisenberg’s methods to 


attenuated values of meteorological elements at 
the mid-level of the atmosphere. 

K Gidrodinamicheskomu Prognozu Bariches- 
kogo i Kinematicheskogo Polei (Kratkosrochnyi 
Pr ognoz Pogody). A. F. Diubiuk. AN SSSR 

ki., Nov. 11, 1958, pp. 266-268. In Russian 
Di scussion of the hydrodynamic forecasting of 

asic and kinematic fields in the short-range 


isotropic temperature fluctuations in a stationary 
isotropic turbulence, under the restriction that 
temperature differences are too small to have any 
effect on the velocity field. 

A Study of the Effects of Wind Speed, Lapse 
Rate, and Altitude on the Spectrum of Atmos- The Radiation Budget of the Stratosphere. 
pheric Turbulence at Low Altitude. R.M. Henry George Ohring. J. Meteorology, Oct., 1958, pp. 
IAS 27th Annual Meeting, New York, Jan. 26-29 440-451. 32 refs. Calculation of the distribu- 
1959, Rep. 59-43. 11 pp. 10 refs. ; Members ion of infrared emission and comparison to the 
$0.50; nonmembers, $1.00. Analysis of avail distribution of solar absorption in order to obtain 
able wind-tower measurements of atmospheric the mean latitudinal and seasonal variations of 
turbulence with oe on the = — the stratospheric radiation budget 
are of concern in aircraft response problems y 
statistical analysis, empirical relations are de 
veloped between the spectra of turbulence and 
mean values of the meteorological parameters 

Vertical Wind Shears Near the Core of the Jet _of 
Stream Over the Northeastern United States, Satellite Density Measurements. Sapna a 
August 1-2, 1958. R.O. Cole and L. W. Cham Gow and R. Horowitz. Phys. Fluids, Nov.-Dec., 
berlain. Mo. Weather Rev., Aug., 1958, pp. 319 1958, pp. 478, 479. Evaluation of atmospheric 
397 lensity measurements from rocket-borne ioniza 

tion gages with satellite-drag density measure- 

The Structure of the Jet-Stream in a Rotating 

4 ments obtained from American and Soviet 
Fluid with a Horizontal Temperature Gradient. ellites 
R. H. Rogers. J. Fluid Mech., Jan., 1959, pp 
41-59. llrefs. Analysis treating the jet stream Geophysical Researches with the Stratospheric 
as a thermal boundary layer, but omitting viscous Laboratory. W se Roberts and Gordon New 
effects from the first approximation. A theoreti kirk, Jr. IAS 27th Annual Meeting, New York, 
cal justification for this treatment is presented $a <0 i t+ Rep. 59-29 bia 13 refs. 
and a particular solution of the resulting equa Members, $0.50; nonmembers, $1.00. ONR 
tions is found sponsored discussion of the use of balloons for re 
as : search in the upper atmosphere and other geo 
physical phenomena. Various areas, such as 
atmospheric aerosols and the existence of ‘‘scat- 

ring layers,’’ are considered. 

Infra-Red Spectroscopy from Balloons and the 

Effect of Data Coverage on the Accuracy Possibility of Some Observations on the Bio- 
of 500-MB. Forecasts. Ch. L. Bristor. Mo sphere. D. M. Gates. IAS 27th Annual Meet 
Weather Rev., Aug., 1958, pp. 299-308. ing, New York, Jan. 26-29, 1959, Rep. 59-47. 

Arctic Synoptic Activity in Winter. T. J 5 pp. Members, $0.50; nonmembers, $1.00 
Keegan. J. Meteorology, Dec., 1958, pp. 513-521 Discussion on the use of manned balloons for de 
Survey of the distribution, development, and termining atmospheric constituents through in- 
motion of the high-latitude synoptic features rared spectroscopy and for observations of the 
which appear on the daily weather maps in the biological organisms existing in the biosphere. 
winter season. The Strato-Laboratory as a Systems Testing 

K Voprosu o Prognoze Sglazhennykh se Platform. J.R. Smith. JAS 27th Annual Meet- 
Meteorologicheskikh Elementov na Srednem ing, New York, Jan. 26-29, 1959, Rep. 59-48. 7 
Urovne Atmosfery. E.N. Blinova. AN SSSR pI Members, $0.50; nonmembers, $1.00. 
Dokl., Nov. 21, 1958, pp. 440-442. In Russian Analysis of the manned strato-laboratory as a 
Discussion covering the problem of forecasting platform for the exposure and/or testing of instru- 


weather forecasting 


Atmospheric Structure & Physics 


Upper Air Research 


Radar Echoes from a Cloudless Cold Front. 
M. G. H. Ligda and S. G. Bigler. J. Meteorology 
Dec., 1958, pp. 484-501. USAF-sponsored re 
search. 


HAVE A SPECIAL PROBLEM? 
TALK WITH TABER ENGINEERS. 


When high temperatures and lack of space are your problems, our SUB- 
MINIATURE MODEL 2078S (shown above) is your answer! 400G’s at 
2000 CPS., 40 db open loop gain amd 20 db closed loop gain. (+ 0.5 db, -60° 
to + 160° C). Weighs only 0.4 ozs. and contained in Stainless Steel case. 


FOR MODERATE TEMPERATURES our Model 196G, 90 db plug-in 
Amplifier is ideal. 90 db open loop gain, 10 db to 70 db closed loop gain, 
7 1% A.C. gain stability -55°C to +55°C, 40G’s at 60cps, 5 V RMS 
output 2 cps to 50 KC. Size 7g x 7% x22”, weight 1.8 ozs. 


Write for Illustrated Literature and Prices . 


TABER INSTRUMENT CORPORATION 


Section 221 107 GOUNDRY ST., NORTH TONAWANDA, N. Y. 


Telephone: LUdlow 8900 TWX - TON 277 
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TRANSISTOR AMPLIFIERS 


ment systems 


Four groups of experiments are 
discussed. 


Military Aviation, Ordnance 


The Evaluation of Weapon Systems —An 
Example of Operations Research. Sidney Dick- 
man. Sperry Eng. Rev., Dec., 1958, pp. 23-29, 
Brief survey of the philosophy and method em- 
ployed in weapon systems evaluation. Exam. 
ples of some of the techniques used are given 


Missiles, Rockets 


Jindivik Development. Aircraft (Australia), 
Dec., 1958, pp. 24-27. Development of the Mk 
3 Jindivik and discussion of its design characteris- 
tics. A comparison with the Mk. 2 model is 
made. 

Les Problémes Posés par la Propulsion d’up 
Engin _ Balistique Intercontinental. H. Verdier 
Tech. & Sci. Aéronautiques, Aug., 1958, pp. 165 
172. In French. General discussion’ of prob- 
lems connected with the propulsion of an inter 
continental ballistic missile. The survey covers 
the choice of fuel, simplicity versus reliability, 
thrust orientation, and full-scale test facilities 

Frictional Electricity in Missile Systems. P. 
Molmud. ARS J., Jan., 1959, pp. 73-75. 15 
refs. Qualitative discussion i electrostatic 
phenomena and conjectures as to their appearance 
and possible utilization in a rocket missile system. 


A Proposed Kepler Diagram. R. L. Sohn. 
ARS J., Jan., 1959, pp. 51-54. Development of 
the Kepler diagram presenting the integrated 
equations of motion so that the shape of the tra- 
jectory, as well as the velocity, time, flight path 
angle, and transit angle along the trajectory can be 
computed quickly and easily. Examples illus- 
trating its many uses are given 

General Variational Theory of the Flight Paths 
of Rocket-Powered Aircraft, Missiles and Satel- 
lite Carriers. Angelo Miele. (Purdue U. Sch 
Aero. Eng. Rep. A-58-2, Jan., 1958.)  Astronau- 
tica Acta, Fasc. 4, 1958, pp. 264-288. 17 refs 
AFOSR-supported research 

The Bloodhound. D. J. Farrar. RAeS J., 
Jan., 1959, pp. 35-50. Detailed description of 
the development of the surface-to-air guided 
weapon system 

Globe Girdling Glider. Vjeckoslav Gradecak 
Ryan Reporter, July 28, 1958, pp. 15-18, 31 
Description of the design and trajectory of long 
range rocket gliders for manned space flight 
Aerodynamic heating problems are also discussed. 


MODEL 196G 
8 other models. 


a 


o> 


mn of 


“The Engineering “Problem Child... 


el 


GENERAL OFFICES: TARRYTOWN, NEW YORK - BRANCH OFFICES: GLENDALE, CALIFORNIA - SAN DIEGO, CALIFORNIA - WASHINGTON, D.C. - DAYTON, OHIO 
ST. LOUIS, MISSOURI - DALLAS, TEXAS - DETROIT, MICHIGAN - SOLE CANADIAN LICENSEE: SIMMONDS AEROCESSORIES OF CANADA LIMITED, HAMILTON, ONTARIO 
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Spatial Attitude Control of a Spinning Rocket 
Cluster. Walter Haeussermann. ARS J., Jan 
1959, pp. 56-58. Discussion of attitude control 
possibilities and characteristics of a body with 
high angular momentum about one axis (the roll 
axis). 

The Cluster Spin Control System for Jupiter C 
Missiles. Niels Jasper and Dieter Teuber 
ARS J., Jan., 1959, pp. 58-61 Description of < 
system incorporating modulator and pulsed tran 
sistor amplifier for controlling the spin rate of 
solid propellant stages of the Jupiter C missile 

A Relay Approach to System Fault-Finding. 
Milton Sanders. Auto. Control, Jan., 1959, pp 
6-11. Description of a check-out system practi 
cal for ICBM-sized launching complexes 

Satellite Tracking by H. F. Direction Finder. 
J. L. Wolfe. J. Atmos. & Terrestrial Phys., Dec 
1958, pp. 155-164. Presentation of results of 
tracking Sputniks I and II, along with an approxi 
mation of the size of error to be expected 

Minuteman Site Poses Critical Challenge 
Irving Stone. Av. Week, Jan. 19, 1959, pp. 68 
69, 73--88 (ff.) Discussion of ground environ 
ment equipment for a solid-propellant ICBM 
including assembly and test facilities; silo design 
link system involving command, communications 
and display; checkout, maintenance, and train 
ing; and design features to accommodate missile 
silo interaction effects. 

Capabilities of Multistaged Chemical Rocket 
Systems. J. E. Froehlich. JAS 27th Annua 
Meeting, New York, Jan. 26-29, 1959, Rep. 59-82 
16 pp. Members, $0.50; nonmembers, $1.00 
Study using modern performance parameters of 
an analysis made in 1946 by Malina and Summer 
field on the performance of multistage rockets 
By using lower structural factors and higher ex 
haust velocities, it is shown that the gross weight 
can be reduced by a factor of over 400. 


of Rockets for Maximum 
Energy. D. M. Cole and M. A Marrese AR 
1959, pp. 71-73. Determination of 
value of payload giving maximum kinetic energy 
for a rocket of fixed structural and propellant 
weights. 

Optics and Reliability. G. A. Economou 
Aircraft & Missiles Mfg., Jan., 1959, pp. 6-9 
Description of the design and operation of ROTI 
(Recording Optical Tracking Instrument) and 
the cine theodolite used to determine missile 
flight behavior. The data recording process is 
briefly described 


Navigation 


Airline Navigation in Polar Areas. E. S. Pe 
dersen. Inst. Navigation J., Oct., 1958, pp. 356 
360 Discussion covering polar navigation 
methods and navigation aids used. 


Interplanetary Navigation by Optical Resection 
and Inertial Systems. Joel Carroll. 4er 
Space Engrg., Mar., 1959, pp. 53-55, 75 Discus 
sion of some functional aspects and limitations of 
the instrumentation of a combined optical-inertial 
system for navigation in nearly interplanetary 
space. 

The R.C.A.F. Meridian Convergency Computer. 
P.R. Webb. Just. Navigation J., Oct., 1958, pp 
361-364. Description of the construction, opera 
tion, and applications of the computer 


State of the Art: Inertial Guidance. W. G 
Wing. Space/ Aeronautics, Jan., 1959, pp. 24, 82 
87. Discussion of the need for research in elec 
trostatic suspension for gyros and accelerometers 
gas-lubricated bearings, and nuclear spin gyros 


Inertia Navigation Systems. E. W. Anderson 
Inst. Navigation J., July, 1958, pp. 231-258 
Survey of various navigation problems covering 
components, units, and systems. Error charac 
teristics and the effect of the rotating earth are 
also considered 


Electronic Aids 


Flying the Jet Stream. Ryan Reporter, Dec 
17, 1958, pp. 18, 19, 22. Discussion covering the 
jet stream phenomenon and the use of Ryan's 
continuous-wave Doppler RYANAV automatic 
navigation system for determining wind speed and 
direction 


Air Trials of the Decca Navigator. H. Keeling 
Inst. Navigation J., Oct., 1958, pp. 385-395. De 
scription of tests to determine the operational 
suitability of the Mark 10 Decca receiver and to 
provide a direct comparison between the per 
formance of Mark 10 and Mark 7 equipment 
Results are discussed; they indicate the greater 
simplicity of operation of the Mark 10 over earlier 
receivers. 


The gy and Use of the Dectra Naviga- 
tion System. . W. Hare. Inst. Navigation J 
Oct., 1958, se 377-384. Description of the 
Dectra flight trial program, and discussion of the 
experience gained and the results obtained. 


La Mesure de la Vitesse d’un Avion par Rapport 
au Sol par Effet Doppler-Fizeau. H. Guyard 

Tech. & Sci. Aéronautiques, Apr., 1958, pp. 85-87 
In French. Measurement of thesspeed of an air 
craft in relation to the ground by means of the 
Doppler-Fizeau effect. Design requirements for 
antennas, transmitters, receivers, and phase 
meters are briefly summarized. 
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Traffic Control 


The Effective Use of Airspace. E. J . 
Navigation J., July, 1958, pp. 259-265 
Dascsten of air traffic control problems and of 
ways of achieving a better balance between air 
space and control capacity 
A Controller’s First Look at the 707. J. P. 
O’Brien. J. Air Traffic Control, Jan., 1959, pp. 
I Discussion of some operational char 
acteristics of the Boeing 707 which are of partic- 
ar interest to air traffic control Low altitude 
operations and landing are also described 


How New Procedures and Equipment Are 
Tested in the ATC Laboratory. T Jickers. 
|. Air Traffic Control, Jan., 1959, pp. 4-7. Dis- 
cussion of the development, the advantages, and 
the use of the ATC simulator 

The Use of Aircrew-Interpreted Devices for 
Prev enting Collision in the Air. E. S. Calvert. 
Navigation J., Oct., 1958, pp. 327-343. 
Discussion showing the shortcomings of aircrew- 
interpreted devices for collision prevention. 
Among the aspects considered are the recognition 
of, and the response to, a collision threat, and the 
improvement of the performance of aircraft ex- 
ternal lights 


Eine neue Modglichkeit der Darstellung von 
Luftlagebildern zwecks Zusammenlegung mehre- 
rer Anzeigen zu einem oo H 
Réschlau. DVL Bericht No. 67, Oct., 1958. 32 
pp Westdeutscher Verlag, ike & Opladen 
os German. Development of a new method for 
establishing air situation maps in order to join 
several presentations to one total map. 


Untersuchungen iiber die Strahlungscharakte- 
ristik eines Facherfunkfeuers. A. R. Wendlinger 
and M. Raab. DVL Bericht No. 62, Nov., 1958. 
57 pp. l5 refs. Westdeutscher Verlag, K6ln & 
Opladen. In German. Examination of the spa- 
ial radiation pattern of an ultra-short range fan 
marker beacon. Various modifications of the 
system are examined and the degree of interfer 
ence at different altitudes, particularly those of 
future jet airliners, is determined 

Integrating the Jet Aircraft Into the ATC Sys- 
tem. D.D.Thomas. /AS 27th Annual Meeting, 
Vew York, Jan. 26-29, 1959, Rep. 59-70. 4 pp 
Members, $0.50; nonmembers, $1.00 Discus 
sion of the effects of high performance characteris- 
tics and fuel conservation requirements of the 

urbojet on air traffic control. Capacity and 

flexibility improvements of the ATC system are 
onsidered. 


The Application to Civil Aviation of an Auto- 
matic Landing System Developed by B.L.E.U., 
and the Role of the Televiewer. J. S. Shayler. 
( Brit., RAE TN BI. 47, Sept., 1958. 13 pp 


Nuclear Energy 


The Effect of Radiation on Silicon Solar-Energy 
Converters. J. J. Loferski and P. Rappaport 
RCA Rev., Dec., 1958, pp. 536-554. Army 

pported experimental investigation of the per 
formance of silicon solar cells under simultaneous 
llumination and irradiation by cosmic and solar 
radiations. A comparison of experimental results 
with theory is made 


O Koeffitsiente Pogloscheniia »-Luchei Co v 
Poluprovodnikakh. B. I. Boltaks, B. T. Plache 
ov, and E. V. Semenov. AN SSSR _ Dokl., 
Nov. 1, 1958, pp. 72-75. In Russian. Presen 
tion of experimental results on the absorption 
efficient of y-rays Co® in semiconductors 


Photography 


Requirements of High-Resolution Photography 
of the Planets. Gerard de Vaucouleurs. JAS 
27th Annual Meeting, New York, Jan. 26-29, 

59, Rep. 59-73. 15 pp. Members, $0.50; 
10n sauna $1.00. Discussion of the resolution 
imit in planetary photography from the point of 
view of the platform stabilization and guidance 
requirements, assuming optimum performance of 
the optical system 


Physics 


Secondary Positive Ion Emission from Metal 
Surfaces. Bradley. J. Appl. Phys., Jan., 
1959, pp. 1-8. 12 refs. AFOSR-supported study. 


A Circular Polarization Duplexer for Millimeter 
Waves. F. G. Fellers So. C. U. Dept. Elec 
Eng. Rep. (AFOSR TN 58-771) [AD 201774], 
Nov. 1, {958 12 pp 


Cosmic Ray Detection by Visual Scintillations. 
Herman Yagoda. JAS 27th Annual Meeting, 
Vew York, Jan. 26-29, 1959, Rep. 59-45. 7 pp 
Members, $0.50; nonmembers, $1.00 Discus- 
sion of observations on cosmic radiation made 
from balloons and recorded on film strips 


The Vibration Spectra of Disordered Lattices. 
C. Domb, A. A. Maradudin, E. W. Montroll, and 
G. H. Weiss. U. Md. Inst. Fluid Dynamics & 
App Math. TN BN-153 (AFOSR TN 58-1123) 

1D 207832), Oct., 1958, 8 pp. 

A Variational Calculation of Electronic Trans- 
port in a Magnetic Field. F. Garcia-Moliner. 
Royal Soc. (London) Proc., Ser. A, Jan. 1, 1959, 


April 1959 


pp. 73-89. 25 refs. Application of the varia- 
tional method to the solution of the Boltzmann 
equation for the case of an unbounded metal ina 
magnetic field. For an anisotropic Fermi sur 
face, a certain set of trial functions leads to an 
extension of Seitz’s phenomenological formula 
valid at arbitrary field strength for cubic crystals 

The Trapping of Cosmic Radio Waves Beneath 
the Ionosphere. G. R. Ellis. J. Atmos. & 
Terrestrial Phys., Dec., 1958, pp. 61-71. Discus 
sion of the observations of cosmic radio noise at 
frequencies less than the local ionospheric critical 
frequency. A method of calculating the ampli 
tude of the trapped radiation at any distance is 
given, allowing for all possible modes. 

O Vozmozhnykh Putiakh Izmereniia Kontsen- 
tratsii Medlennykh Neitronov v Sloe F: Ionosfery, 
V. N Kessenikh AN SSSR Dokl., Nov. 
1958, pp. 57-59. In Russian. Discussion of 
possible methods for measuring the concentration 
of slow neutrons in the Fe layer of the ionosphere 

O Granichnoi Zadache Obobshchennoi Gidro- 
dinamiki. I. I. Ol’khovskii. A SSSR Dokl, 
Nov. 11, 1958, pp. 262-265. In ecedon For. 
mulation of boundary conditions of generalized 
hydrodynamics particularly adapted for the case 
of one-dimensional linear problems 

O Fononnoi Teploprovodnosti Sverkhprovodni- 
kov. B. T. Geilikman and V. Z. Kresin. AN 
SSSR Dokl., Nov. 11, 1958, pp. 259-261 In 
Russian. Study of the thermal conductivity of 
superconductors in terms of electron effects upon 
phonons 

Informatsionnaia Teoriia Interpretatsii Geo- 
fizicheskikh Issledovanii. L. A. Khalfin. AN 
SSSR Dokl., Oct. 21, 1958, pp. 1,007-1,010. In 
Russian Analysis of the theory on the interpre 
tation of geophysical data and description of 
approaches used for various problems studied 

Termodinamika Sverkhprovodnikov. D. N 
Zubarev and Iu Tserkovnikov. AN SSSR 
Dokl., Oct. 21, 1958, pp. 999-1,002. In Russian 
Study covering the thermodynamics of supercon 
ductors by means of the Froelich hamiltonian 
taking into account the electron phonon inter- 
action 

Prakticheskii Kriterii Statsionarnosti ili Ne- 
statsionarnosti Konechnykh Samogravitiruiu- 
shchikh Zvezdnykh Sistem. G. M. Idlis. AN SSSR 
Dokl., Oct. 21, 1958, pp. 997, 998. 30 refs. In 
Russian. Derivation of practical criteria for the 
stationary or nonstationary state of finite self 
gravitating stellar systems 


O Teoreme Bonne. V. A. Egorov. Prikl 
Mat. i Mekh., Nov.-Dec., 1958, pp. 721-729. In 
Russian. Generalization of the ounet theorem 
for determining the displacement of a point along 
a curve in order to cover the approach developed 
by Lagrange and Tallkvist for the motion along a 
hyperbola in the problem of two fixed attracting 
centers 


Energy Partition in the Exploding Wire Phe- 
nomena. F. D. Bennett. Phys. Fluids, Nov.- 
Dec., 1958, pp. 515-522. Presentation of streak 
camera and oscillographic circuit-damping data 
for exploded copper wires varying in diameter 
from 3 to 8 mils 


O Vozmozhnosti Preimuschchestvennogo Us- 
koreniia Tiazhelykih Elementov v Istochnikakh 
Kosmicheskikh Luchei. A. A. Korchak and S.I 
Syrovatskii. AN SSSR Dokl., Oct. 11, 1958, pp 
792-794. In Russian. Study of the possibility 
of preferential acceleration of heavy elements in 
cosmic ray sources 


27-Dnevnye Variatsii Intensivnosti Kosmiche- 
skikh Luchei v Stratosfere. S. N. Vernov, V. F 
Tulinov, and A. N. Charakhch’ian. AN SSSR 
Dokl., Oct. 11, 1958, pp. 788-791. In Russian 
Description of tests performed by means of sound 
ing balloons to measure the intensity of cosmic 
radiation in the stratosphere Includes descrip 
tion of the equipment used and presentation of 
certain experimental results 


Wide Use Foreseen for Applied Thermoelec- 
tricity. M. B. Grier Space/ Aeronautics, Jan., 
1959, pp. 46-54. Study of methods for relating 
Seebeck and Peltier effects to designs in such areas 
as environmental conditioning, solar power con 
version, ion propulsion, and electronics cooling. 


State of the Art: Infrared. R. H. McFee 
Space/ Aeronautics, Jan 1959, pp. 26, 88-93 
Discussion of current trends in using the thermo 
pause region of the spectrum (3-5 microns), and 
the application of indium antimonide for a more 
detailed picture at higher scanning speeds 


O Vozmozhnosti Poiavieniia Sverkhtekuchego 
Sostoianiia Iadernoi Materii v Sluchae Uchet: 
p-p-i n-n-Vzaimodeistvii. V.G, Solov’ev. A 
SSSR Dokl., Nov. 21, 1958, pp. 437-439. In 
Russian. Discussion of the possible existence of a 
superfluid state in nuclear matter when p-p and 
n-n interactions are taken into account. 


K Termodinamike Sverkhprovodimosti. V. A 
Moskalenko. AN SSSR Dokl., Nov. 21, 1958, pp 
433-436. In Russian Zvaluation of previous 
theories on the thermodynamics of superconduc 
tivity. 


O Priblizhennom Reshenii Kvantovoi Zadachi 
Mnogikh Tel v Sluchae Statistiki Boze. B. T 
Geilikman. AN SSSR Dokl., Nov. 21, 1958, pp. 
430-432. In Russian. Derivation of an ap- 
proximate solution for the quantum problem of 
many bodies in the case of Bose statistics. 
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Career 
Opportunities 
at NASA 


SPACE TECHNOLOGY 

Space vehicle development, including basic planning, 
development, contract coordination, and operational 
programming and planning for manned and unmanned 
satellites. Systems studies for auxiliary power supplies, 
air regenerative systems, instruments, guidance and 
communication equipment for space vehicles. 

Space probes: Development and operation of vehicles, 
payload and instrumentation, programming and opera- 
tion of flight, trajectory, communication systems, and 
ground support systems for near space and deep space 
probes. 

Beltsville 


SPACE MECHANICS 


Experimental and analytical study of orbital mechanics 
including parameters of preliminary and refined orbits, 
ephemerides, lifetimes, equator crossings and perturba- 
tions. 

Beltsville; Langley; Ames 


PROPULSION AND PROPULSION 
SYSTEMS 


Developmental studies of boosters, launchers, multi-stage 
engines, guidance and attitude control systems for space 
vehicles. 
Basic research on the interrelationships between elec- 
trical, magnetic and thermodynamic energy, and appli- 
cation of such knowledge to space propulsion. 
Magneto hydrodynamics: Research on plasma and 
ion accelerators for space propulsion and auxiliary power 
systems. 
Research on reactors and reactor shielding for aero- 
nautical and space propulsion systems. 
Beltsville; Lewis 


AERODYNAMICS AND FLUID 
MECHANICS 


Investigation of the thermodynamics and transport prop- 
erties of gases at high temperatures as encountered in 
entry into planetary atmosphere. 

Research on performance, stability and control, auto- 
matic guidance, and navigation for subsonic, supersonic, 
and hypersonic aircraft. 

Aerodynamic heating and satellite re-entry phenomena. 


Langley; Ames; Lewis; High-Speed Flight Station 


(Positions are filled in accordance with 
Aeronautical Research Announcement 61B) 


NASA directs and implements the Nation’s re- 
search efforts in aeronautics and the exploration 
of space for peaceful purposes and the benefit of 
all mankind. We offer unique opportunities in 
basic and applied research to scientists and engi- 
neers with degrees in the various disciplines. 

Briefly described here are representative cur- 
rent NASA programs. Openings exist in all of 
these programs, at the facilities named. 


INSTRUMENTATION AND 
COMMUNICATION 


Research and development of new sensing devices and 
instrumentation techniques in electronics, optics, aero- 
dynamics, mechanics, chemistry and atomic physics. 

Systems studies and evaluation of control, guidance, 
navigation, and communication equipment for space 
vehicles and other high performance applications re- 
quiring rugged and compact design. 

All Facilities 


GEOPHYSICS, ASTRONOMY AND 
ASTROPHYSICS 


Experimental programs and evaluation studies of astro- 
nomical and geophysical measurement and _ scientific 
equipment used in space vehicle payloads. 

Studies of fields and particles in space, investigations 
of the composition of planetary atmospheres, and de- 
velopment of instrumentation and experimental tech- 
niques for these investigations. 


Beltsville 


STRUCTURES AND MATERIALS 


Investigation of the characteristics of high temperature 
structures and materials. Study of fatigue, structural 
stability, and other problems of structural dynamics. 

Solid State Physics: Study of the elementary physical 
processes involved in mechanical behavior of materials, 
such as fractures; the nature of the corrosion process; 
and physical-chemical relationships governing behavior 
of materials. 

Langley; Ames; Lewis 


MATHEMATICS 


Application of advanced mathematical techniques to the 
solution of theoretical problems in aeronautical and 
space research, involving the use of large modern com- 
puting equipment. 

All Facilities 


RESEARCH FACILITY 
ENGINEERING 


Translation of research specifications into complete ex- 
perimental facilities, involving mechanical, electrical, 
structural, architectural and machine design, and con- 
struction engineering. 


Langley; Ames; Lewis 


Please address your inquiry concerning any of the 
programs listed here to the Personnel Director of 
the appropriate NASA research center: 

Langley Research Center, Hampton, Virginia 

Ames Research Center, Mountain View, California 
Lewis Research Center, Cleveland, Ohio 

High-Speed Flight Station, Edwards, California 

Beltsville Space Center, 4555 Overlook Ave., 
Washington, D. C. 


NASA National Aeronautics and Space Administration 
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Some Remarks About Frequency Spectrum of 
Crystal Lattices. Jean Peretti. U. Md. Inst 
Fluid Dynamics & Appl. Math. TN BN-145 
(AFOSR TN 58-775) [AD 201921], Aug., 1958 
35 pp. Description of a method for constructing 
the frequency distribution of a crystal lattice 
when the force constants between atoms are 
known. 


Natural Line Width for Transient Excitations. 
G. Breit and M. H. Hull, Jr. Yale U. Rep 
(AFOSR TN 58-906) [AD 204516], Sept. 25 
1958. 28 pp. Study of the absorption of a pho 
ton by a material system with four participating 
levels, emphasizing the case where the levels are 
the result of combining excitations of separate 
systems. 


The Use of a Samarium Loaded Liquid Scintil- 
lator for the Determination of the Halflife of 
Sm!47, G. B. Beard and W. H. Kelly. Mich 
State U. Dept. Phys. & Astron. Rep. (AFOSR TN 
58-497) [AD 158307], June 18,1958. 7 pp. 


Cosmic-Ray Increases Produced by Small 
Solar Flares. J. J. Corrigan, S. F. Singer, and M 
J. Swetnick. Phys. Rev. (AFOSR TN 58-949) 
[A D 205342], Aug. 1, 1958. 2pp. Reprint 

Cosmic Ray Cut-Off Rigidities and the Earth’s 
Magnetic Field. J. J. Quenby and W. R. Web 
ber. Philos. Mag., 8th Ser., Jan., 1959, pp. 90 
113. 27 refs. 


Sonic Limit I—General Theory. 
II—Examples. G S. Ludford and S. H. Schot 
Md. Fluid & Appl. Math. TR 
BN-134; TR BN-135 (AFOSR TN 58-398; TN 
58-419) [AD 154307; AD 158222], May, 1958 
21; 30 pp. 15 refs. Study classifying limit 
singularities which may cccur on the sonic line 
and investigation of the properties of the corre 
sponding flows. 


On Certain Reflection Principles. | . P. Miles 
Jr. U. Md. Inst. Fluid Dynamics & Riad. Math 
TN BN-146 (AFOSR TN 58-702) [AD aimee 
July, 1958. 10 pp. 10 refs. Presentation of < 
reflection principle, established by Huber te 
polyharmonic functions, in which the cases of 
harmonic functions and biharmonics are treated 
as special cases. 

On the Generalized Radiation Problem of 
Weinstein. J. L. Lions. U. Md. Inst. Fluid 
Dynamics & Appl. Math. TN BN-149 (AFOSR 
TN 58-1039) [AD 206575], Nov., 1958. 28 pp 
15 refs. Presentation of a new solution of the 
generalized radiation problem. 


A Correlation Analyzer. Albert Haberstich 
and F. R. Hama. U. Md. Inst. Fluid Dynamics 
& Appl. Math. TN BN-125 (AFOSR TN 58 
338) [AD 154242], Mar., 1958. 55 pp. De 
scription of an instrument which measures the 
spectral equivalent of a double (time) correlation 
between any two signals. 


Power Plants 


A Look at Rocket Propulsion for the Next 25 
Years. T.F. Dixon. JAS 27th Annual Meeting 
New York, Jan. 26-29, 1959, Rep. 59-54. 11 pp 
22 refs. Members, $0.50; nonmembers, $1.00 
(Also in Aero/ Space Engrg., Feb., 1959, pp. 35-39.) 


Jet & Turbine : 


Developments in Methods of Measuring 
Stresses in Compressor and Turbine Blades on 
Test Bed and in Flight. D. A. Drew. JME 
Proc., No. 8, 1958, pp. 320-337; Discussion, pp 
338-350; Communications, pp. 350-353; Author’s 
Replies, pp. 354-359. 


Profile Lopatkowe o Duzej SprawnoSsci do 
Modernizacji Uktadéw Lopatkowych Turbin. 
Jerzy Krzyzanowski. Arch. Budowy Maszyn 
No. 3, 1957, pp. 293-317. 19 refs. In Polish 
with summaries in English and Russian. Discus 
sion covering design problems arising in conjunc 
tion with blade modifications for obtaining high 
efficiency profiles. 

Non-Uniform Burning in a —_ Speed Parallel 
Sided Combustor. I, II. N. Cole. The 
Engr., Jan. 16; 23, 1959, es 93-95; 129-132 
24 refs. Study of nonuniform combustion in 
terms of one-dimensional reasoning. The ‘fun 
damental pressure drop”’ for the chamber depends 
on two main factors: (a) the degree to which com 
bustion has been confined, and (b) the efficiency of 
the arrangement for mixing combustion gases 
with the remaining airflow. Three flow models 
are proposed and attention is given to aspects of 
flame length and post-combustion dilution mixing 


Pratt & Whitney Evolves Turbofan from J57 
Program. J. S. Butz, Jr. Av. Week, Jan. 26, 
1959, pp. 48, 49,51. Description of design char 
acteristics of the turbofan engine and discussion of 
some of its advantages. 

Blackburn’s Free-Turbine A.129. The Aero 
blane, Dec. 26, 1958, pp. 928-931, cutaway draw 
ing. Description covering the design and de- 
velopment of the power plant. 

Die ATAR-Strahlturbinen der S.N.E.C.M.A., 
eine europdische Konzeption. K. E ichholtz. 
Luftfahrttechnik, Dec. 15, 1958,+ pp.. 315-319 
In German. Survey covering the developmental 
stages as well as techniques used to improve the 
design and performance characteristics of the 
ATAR power plant. 
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Convertible Turbojet Engines for VTOL Air- 
craft. M. Zipkin, R. J. Rossbach, and H 
Brown. IAS 27th Annual Meeting, New York, 
Jan. 26-29, 1959, Rep. 59-60. 15 pp. Mem- 
bers, $0.50; nonmembers, $1.00. Discussion of 
the design and performance of a propulsion system 
that combines within one unit maximum lift for 
VTOL with low specific fuel consumption at cruise 
thrust requirements. In addition, the lift and 
thrust vectors are produced without rotation of 
the power plant or airplane wing. The perform- 
ance of two subsonic aircraft using this power 
plant is shown. 


Laboratory and Flight Technique for the Meas- 
urement of the Temperature of Turbine Blading. 
E. P. Cockshutt, G. G. Levy, and C. R. Sharp. 

unada, NAE LR 229, Aug. 27, 1958. 26 pp 


Afterburner Design and Development in Swe- 
den. Osten Svantesson. Interavia, Jan., 1959, pp. 
76-78 


Runs Quiet, Lands Short. Ryan Reporter, 
Dec. 17, 1958, pp. 20, 21, 24, 25 Description of a 
test program leading to the development of a 
successful noise suppressor and thrust brake 


Rocket 


A Rapid Method for Estimation of Seatee 
Impulse. B. A. Free and S. F. Sarner. ARS J., 
Jan., 1959, pp. 64-67. Presentation of a semi- 
empirical method for the estimation of impulse of 
rocket propellant systems, based on a simplifica- 
tion of standard thermodynamic equations and 
the use of suitable reference systems. The ac- 
curacy of the method is of the order of + 3 per 
cent in most cases with an extreme range of + 5 
per cent. 


Thrust Control of Solid Propellant Rockets. 
H. W. Ritchey. IAS 27th Annual Meeting, New 
York, Jan. 26-29, 1959, Rep. 59-55. 7 pp. 
Members, $0.50; nonmembers, $1.00. Discus- 
sion of the fundamental principles of three types 
of thrust control: thrust vector control, thrust 
termination, and thrust modulation. Various 
methods for achieving these controls are also dis- 
cussed 


Production 


De Havilland Comet; Series 4 Aircraft in 
Production at Hatfield and Chester. Aircra/st 
Prod., Jan., 1959, pp. 20-29. Discussion of pro- 
duction techniques, tooling, and assembly for the 
fuselage and mainplane. 


Metalworking 


Metal Spraying: Effect of a Molybdenum De- 
posit on Adhesion and on Fatigue of Ferritic 
Steels. Appendix—Notes on the Construction of 
a Double Four Point Loading Fatigue Machine. 
D. Birchon. Metallurgia, Dec., 1958, pp. 273- 
285 16 refs. Discussion suggesting a mecha- 
nism whereby molybdenum deposition enhances 
adhesion and lowers fatigue properties. 


Slip Casting. Chalmers Dale Ordnance, 
Jan.-Feb., 1959, pp. 678-680. Description of 
slip-casting, a procedure offering a new avenue in 
powder metallurgy. The production of stainless 
steel by this process is discussed. 


Pipe-Bending; Numerical Method of Analys- 
ing Bending and Development of Automatic 
Bending-Machines. Aircraft Prod., Jan., 1959, 
pp. 30-39. 


Bending Aluminium. ADA Info. Bul. 24, 
Nov., 1958. 47 pp. 14 refs. Discussion on the 
bending properties of aluminum and its alloys, 
and description of the more usual bending opera- 
tions 


How to Design Stainless-Steel Extrusions. 
I—Process Characteristics. R.E. Paret. Mach. 
Des., Jan. 8, 1959, pp. 114, 115, 117. Discussion 
of the advantages, properties, applications, and 
limitations of stainless-steel extrusions. 


An Elementary Consideration of Some Extru- 
sion Defects. W. Johnson. Appl. Sci. Res., 
Sect. A, No. 1, 1958, pp. 52-60. Study showing 
how the phenomenon of ‘‘piping’’ in the simple 
direct or reverse extrusion of sheet may be con- 
sidered in a very elementary manner. A defect 
which arises in the piercing of a solid slug using two 
equal size punches is examined. 


Machining Integral Rotors; An Automatic- 
Cycle Profile- Milling Machine with a Fixed Cutter- 
Position. H. J. Pearson. Aircraft Prod., Jan., 
1959, pp. 6-18. 


Inert-Gas Consumable-Electrode Welding of 
Thin Material. T. McElrath. Welding J., Jan., 
1959, pp. 28-33. Description of the limitations 
of established arc-welding processes as applied to 
thin materials, and discussion of new develop- 
ments which have overcome these limitations. 


Special Issue: Pressure Welding of Metals. 
Brit. Welding J., Jan., 1959, pp. 1-37. 41 refs. 
Partial Contents: Introductory Survey, E. C. 
Rollason. Industrial Practice in Cold Pressure 
Welding, J. A. Donelan. Pressure Welding by 
Rolling, L. R. Vaidyanath, M. G. Nicholas, and 
D. R. Milner. Influence of Relative Interfacial 
Movement and Frictional Restraint in Cold 
Pressure Welding, E. Holmes, 
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Production Engineering 


Breaking the Producibility Barrier: A Sum- 
mary of Manufacturing Methods Projects 1956- 


1958. I, Il. USAF AMC TR 58-1, Pts. I; 1 
[AD 156065; AD 156066], Oct., 1958. 88; 344 
pp. 


Optics in Quality Control. Aircraft & Missiles 
Mfg., Jan., 1959, pp. 22, 23. Description of the 
contour projector used for checking purposes in 
precision grinding operations. 


Quality Control in Ballistic Shells. J. A. Bar- 
clay. Aircraft & Missiles Mfg., Jan., 1959, pp. 
42-46. Discussion of the importance of X-ray 
and ultrasonic techniques, as well as other nonde- 
structive inspection tools, in reliability testing 
operations. 


Role of Optics in Snark. P. H. Halderman and 
A. S. Turner. Aircraft & Missiles Mfg., Jan., 
1959, pp. 16-20. Discussion of production prob- 
lems posed by the SM-62 Snark and of means 
used to meet these problems. The importance of 
optics in the fabrication of guidance components 
is stated. 


Automatic Flaw- Detection. Aircraft Prod., 
Jan., 1959, pp. 2-5 Description of an automatic 
ultrasonic immersion technique. 


Tooling 


Tooling with Optics. S. P. Kaprielyan. Air- 
craft & Missiles Mfg., Jan., 1959, pp. 11-15, 
Description of various devices used for accurate 
tooling, including the alignment telescope, the 
transit, the sight level, the optical square, and the 
collimator. 


Reliability 


Missile Reliability Now. T. H. Braunstein 
Ordnance, Jan.-Feb., 1959, pp. 686, 687. Review 
of what has been done to maintain and improve 
the reliability of some ‘“‘ready”’ missiles. 


6 Symptoms for Tracking Down Vibration 
Resonance. W.A.Reinman. Electronic Des., Jan. 
21, 1959, pp. 20-23. Discussion of six basic signs 
of failure which can be detected during vibration 
of equipment: failure, modulation, visible mo- 
tion, high acceleration, loud noises, and large 
changes in power required. 


Research, Research Facilities 


The Impact of Astronautics on Environmental 
Testing. Ch. A. Mills. Can. Aircraft Ind., 
Dec., 1958, pp. 15-17, 41, 42. Discussion of the 
various parameters that a hypothetical satellite 
would encounter from manufacture to final orbit 
in order to assess the environmental tests required. 


Mesure et Enregistrement des Débits d’Air. A. 
Moutet and L. Nadaud. La Recherche Aéronau- 
tique, Nov. -Dec., 1958, pp. 35-42. In French. 
Description of a method of airflow measurement, 
based on the addition to the flow of a known 
amount of different auxiliary gas. The method is 
applied to the specific case of a plant supplying 
compressed air to combustion laboratories. It is 
shown that the technique provides safe and ac- 
curate results regardless of pressure, speed, and 
temperature conditions 


Flight Testing 


New Concept in USAF Flight Test. H. V. 
Leonhardt. [AS 27th Annual Meeting, New York, 
Jan. 26-29, 1959, Rep. 59-50. 5S pp. Members, 
$0.50; nonmembers, $1.00. Description of the 
“category testing’ concept and of its primary and 
secondary objectives. 


The Manufacturer’ s Flight Test Philosophy. 
F. C. Rowley. JAS 27th Annual Meeting, New 
York, Jan. 26-29, 1959, Rep. 59-72. 6 pp. 
Members, $0.50; nonmembers, $1.00. Discus- 
sion of over-all objectives, the planning of pro- 
grams, instrumentation, the first flight and early 
evaluations, the role of structural flight testing, 
and the integrated product evaluation. 


Special Flight Testing for the Carrier Suitability 
of Naval Aircraft. R. M. Elder. JAS 27th 
Annual Meeting, New York, Jan. 26-29, 1959, 
Rep. 59-49. 9 pp. Members, $0.50; nonmem- 
bers, $1.00. Discussion on the compatibility re- 
quirements of aircraft with catapults, arresting 
gears, and the optical landing system currently in 
use on fleet carriers. These three devices are de- 
scribed and an evaluation of tests is made. 


The Airplane as a Research Tool. W. C. Wil- 
liams. IAS 27th Annual Meeting, New York, 
Jan. 26-29, 1959, Rep. 59-79. 11 pp. Members, 
$0.50; nonmembers, $1.00. Discussion showing 
the importance of manned flight research. The 
various flight test categories are outlined. 


Wind Tunnels 


Technique d’Essais de Soufflage dans la Souf- 
flerie de Cannes. A. Bevert. La Recherche 
Aéronautique, Nov.-Dec., 1958, pp. 7-10. In 
French. Description of equipment and _ tech- 
niques used in the wind tunnel at Cannes, France, 
for boundary-layer control studies. 
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IAS CORPORATE MEMBERS 


AC Spark Plug Division, General Motors Cor- 
poration 


Academy of Aeronautics 
Adams Rite Manufacturing Company 


Aerojet-General Corporation 


Aerolab Development Company 
Aeronca Manufacturing Corporation 
Aeronutronic Systems, Inc. 

Aeroquip Corporation 

Agawam Aircraft Products, Inc. 

Allied Research Associates, Inc. 
AllissChalmers Manufacturing Company 
Allison Division, General Motors Corporation 
Aluminum Company of America 
American Airlines, Inc. 

American Bosch Arma Corporation 
American Non-Gran Bronze Company 


American Steel & Wire Division, United States 
Steel Corporation 


Amoco Chemicals Corporation 
Amphenol-Borg Electronics Corporation 
Anderson, Greenwood & Co. 

Arde Associates 

Associated Aviation Underwriters 

Avco Research Laboratory 

Avien, Inc. 

Avro Aircraft Limited 

Baker Steel & Tube Company 

Beech Aircraft Corporation 

Bell Aircraft Corporation 

Bendix Aviation Corporation 

Boeing Airplane Company 

Booz, Allen & Hamilton 

The Bristol Aeroplane Company (U.S.A.) Inc. 


Bulova Research and Development Laboratories, 
Inc. 


Canadair, Ltd. 

The Cessna Aircraft Company 

Chance Vought Aircraft, Incorporated 
The Chase Manhattan Bank 

Chicago Aerial Industries, Inc. 

The Cleveland Pneumatic Industries, Inc. 
Consolidated Controls Corporation 
Continental Motors Corporation 
Comell Aeronautical Laboratory, Inc. 
Curtiss-Wright Corporation 

The Decker Corporation 

Del Mar Engineering Laboratories 


Delco-Remy Division, General Motors 
Corporation 


Doak Aircraft Company, Inc. 


Douglas Aircraft Company, Inc. 
Dzus Fastener Company, Inc. 


Eastern Air Lines, Inc. 

Edo Corporation 

Elastic Stop Nut Corporation of America 
Electrol Incorporated 

Engineering Supervision Company 

Esso Standard Oil Company 

Fairchild Camera and Instrument Corporation 
Fairchild Engine and Airplane Corporation 
The Firestone Tire & Rubber Company 

The Garrett Corporation 

General Dynamics Corporation 

General Electric Company 

General Precision Equipment Corporation 
G. M. Giannini & Co., Inc. 

Giannini Plasmadyne Corporation 

The B. F. Goodrich Company 

Goodyear Aircraft Corporation 

Grumman Aircraft Engineering Corporation 
Hydro-Aire, Inc. 

Insurance Company of North America Companies 
International Business Machines Corporation 
The International Nickel Company, Inc. 


ITT Laboratories, Division of International 
Telephone and Telegraph Corporation 


Janitrol Aircraft Division, Surface Combustion 
Corporation 


Johns-Manville Sales Corporation 
Earle M. Jorgensen Co. 
Kelsey-Hayes Company 

Walter Kidde & Company, Inc. 
Kollsman Instrument Corporation 
Lavelle Aircraft Corporation 
Lear, Incorporated 

C. W. Lemmerman, Inc. 
Librascope, Incorporated 

The Liquidometer Corporation 
Lockheed Aircraft Corporation 


Loewy-Hydropress Division of Baldwin-Lima- 
Hamilton Corporation 


Longines-Wittnaver Watch Company, Inc. 
Marquardt Aircraft Company 

The Martin Company 

Martin Steel Products Corporation 
McDonnell Aircraft Corporation 

Meletron Corporation 


Mid-Continent Manufacturing, Inc. 
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Minneapolis-Honeywell Regulator Company 
National Credit Office, Inc. 

North American Aviation, Inc. 

Northrop Corporation 

Nuclear Development Corporation of America 
Pan American World Airways, Inc. 

The Ralph M. Parsons Company 


Pesco Products 
poration 


Division, Borg-Warner Cor- 


Phillips Petroleum Company 
Piasecki Aircraft Corporation 


Radio Corporation of America, Defense Elec- 
tronic Products 


Republic Aviation Corporation 
Rohr Aircraft Corporation 

Paul Rosenberg Associates 

Ryan Aeronautical Company 
Sandberg-Serrell Corporation 
Shafer Bearing Division, Chain Belt Company 
Shell Oil Company 

Simmonds Aerocessories, Inc. 
Socony Mobil Oil Company, Inc. 
Solar Aircraft Company 
Southwest Products Co. 

R. Dixon Speas Associates 


Sperry Gyroscope Company Division of Sperry 
Rand Corporation 


Standard Oil Company of California 
Standard Oil Company (Indiana) 


Standard-Thomson Corporation 
Clifford Manufacturing Division 


Stanley Aviation Corporation 

Thiokol Chemical Corporation 

Thompson Ramo Wooldridge Inc. 

Trans World Airlines, Inc. 

Turbo Products, Inc. 

Union Carbide Corporation 

United Air Lines, Inc. 

United Aircraft Corporation 

United States Aviation Underwriters, Inc. 
Vard, Inc. 

Vertol Aircraft Corporation 

Vitro Corporation of America 

Western Gear Corporation 
Westinghouse Electric Corporation 
Weston Instruments Division of Daystrom, Inc. 
Wyman-Gordon Company 


Young Radiator Company 
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Good management, like a good 
quarterback, calls the right signals 
during the game and not on Monday 
morning. In the field of aviation 

and space, management must also call 
the right signals now for a game that 
won't be played for years to come. 


At Grumman, the signals have already 
been called for nuclear propulsion 
systems, for the plasma harnessing 

of hydrogen fusion, for missiles, 

for hydrofoil seacraft, and for 

others still classified. 


At Grumman, the signals that were 
called years ago have won design 
competitions: the A2F, a carrier-based 
attack fighter; the Mohawk, a twin 
turboprop higher-performance 
observation airplane for the Army; 

and the Eagle, an air-to-air 

and air-to-ground missile. 


At Grumman, Monday morning is the 
beginning of the future. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage = ew Long Island ° New York 


In current production: F11F-1 Tiger, 
supersonic jet fighter; F9F-8T Jet Trainer; 
S2F, carrier-based anti-submarine aircraft; 
WF-2, carrier-based early-warning air- 
craft; SA-16 Albatross, rescue amphibian; 
Gulfstream, turboprop executive transport; 
AO-1AF Mohawk for the Army; Ag-Cat 
duster-sprayer. 


Equipement Transsonique des Souffleries de 
Recherches de 1’O.N.E.R.A. M. Sirieix. La 
Recherche Aéronautique, Nov.-Dec., 1958, pp. 3- 
6. In French. Description of transonic wind- 
tunnel installations developed by ONERA, and 
survey of some experimental results. 

Shock-Tube Testing Time. G. F. Anderson. 
J. Aero/Space Sci., Mar., 1959, pp. 184, 185. 
Includes explanation of the difference between the 
actual and the theoretical test time. 


Rotating Wing Aircraft, Helicopters 


All-Weather Helicopter Systems. 
stenberger. (Helicopter Assn. Gt. Brit. Meeting, 
London, Oct. 3, 1958.) Helicopter Assn. Gt. 
Brit. J., Dec., 1958, pp. 265-273; Discussion, pp. 
273-281. Discussion of the progress made to- 
ward the realization of an all-weather helicopter. 
Various new features and operational character- 
istics are described. 


Some Characteristics and Limitations of the 
Unloaded Rotor Compound Helicopter. F. L. 
Doblhoff. AHS J., Jan., 1959, pp. 12-14. 
Comparisons between highly disc loaded VTOL 
aircraft and the unloaded rotor compound heli- 
copter. Typical L/D ratios, speed limitations, 
weights, and payload characteristics encountered 
in the latter type are discussed. 


A Wind-Tunnel Investigation of Rotor Behavior 
Under Extreme Operating Conditions with a De- 
scription of Blade Oscillations Attributed to 
Pitch-Lag Coupling. Appendix—Lag Oscilla- 
tions of Rotor Blades. J. W. McKee and R. L 
Naeseth. U.S. NASA Memo. 1-7-59L,. Jan., 
1959. 44 pp. Presentation of results in tabular 
form from an investigation on the behavior of a 
front rotor of a tandem helicopter during a pull- 
out maneuver. 


Main Rotor Blade Design and Development. 


Walter Ger- 


R. M. Kee. JAS 27th Annual Meeting, New York, 
Jan. 26-29, 1959, Rep. 59-28. 19 pp. 17 refs. 
Members, $0.50; nonmembers, $1.00. Discus- 


sion of the past and present status of metal ex- 
truded blades and some of the factors that have 
made interchangeable blades possible. Current 
trends in aerodynamic design are shown, as are 
the methods and test facilities employed in order 
to obtain information to substantiate the service 
life of present blades and improve the structural 
design of future blades 


Helicopter Stabilization and Handling Charac- 
teristics Improvement by Mechanical Means. 
Melvin Vague and Ch. M. Seibel. JAS 27th 
Annual Meeting, New York, Jan. 26-29, 1959, Rep. 
59-27. 14 pp. Members, $0.50; nonmembers, 
$1.00. Discussion of mechanical and aerody- 
namic means used to provide dynamic stability in 
the YH-41 helicopter. Control trim changes ac- 
companying variations in power are eliminated 
and control force trim provisions are refined. 

Helicopter Vibration Investigations. D. Howe. 
The Aeroplane, Jan. 2, 1959, pp. 16-18. Discus- 
sion on various helicopter vibration problems and 
testing procedures for instability determination. 


Safety 


An Automatic Tumbling Aerofoil Delivery Sys- 
tem and a Special Distress Beacon for Locating 


Crashed Aircraft. H. T. Stevinson and D. M. 
Makow. Canada, NAE Quart. Bul., Oct. 1-Dec. 
31, 1958, pp. 1-7. 12 refs. 


Space Travel 


Proposed Observations of the Martian Atmos- 
phere. M.D. Ross. IAS 27th Annual Meeting, 
New York, Jan. 26-29, 1959, Rep. 59-9. 7 pp. 
Members, $0.50; nonmembers, $1.00. 

The Borne as a Space Flight 
Trainer. E. Beson. JAS 27th Annual Meet- 
ing, New i he 26-29, 1959, Rep. 59-46. 11 
pp. Members, $0.50; nonmembers, $1.00. 
Discussion covering the need for a space trainer 
and the role of the rocket assisted capsule as the 
ideal space flight simulator. Design considera- 
tions are presented. 


Trajectory Governs Moon Shot’s Value. 
Kramer. Av. Week, Jan. 19, 1959, pp. 48, 49, 51 
55, 57. Discussion of the performance require- 
ments of four types of trajectories for unmanned 
lunar probes: (1) orbiting the moon several times 
and (a) not returning to earth or (b) returning to 
earth or its vicinity; (2) pure impact or hard land- 
ing; (3) circumnavigating the moon once and 
returning to or near the earth; and (4) flying 
past, close to the moon, without returning. 

Man-Machine Integration in Space Vehicles. 
G. W. Hoover. IAS 27th Annual Meeting, New 
York, Jan. 26-29, 1958, Rep. 59-51. 11 pp. 
Members, $0.50; nonmembers, $1.00. (Also in 
Aero/ Space Engrg., Feb., 1959, pp. 54-58.) 

The Problem of Escape from Satellite Vehicles. 
C. V. Carter and W. W. Huff, Jr. IAS 27th 
Annual Meeting, New York, Jan. 26-29, 1959, 
Rep. 59-41. 14pp. Members, $0.50; nonmem- 
bers, $1.00. Discussion of such problem areas as: 
escape prior to take off; during boost at high dy- 
namic pressure; during exit from, and entry into, 
the atmosphere; and during orbit. Design pro- 
cedures which can be employed to determine a 
satisfactory escape system configuration are also 
presented. 


S. B. 
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Some Fundamental Problems Associated with 
Injecting, Orbiting and Recovering a Man from 


Orbit. R.C. Hakes. IAS 27th Annual Meeting, 
New York, Jan. 26-29, 1959, Rep. 59-80. 11 pp. 
Members, $0.50; nonmembers, $1.00. Com- 


parison of the ballistic method and glide-type 
recovery methods, taking into account orbital 
considerations, capsule arrangements, launching 
system, control during orbit, and re-entry tech- 
niques. A design is shown for a capsule weighing 
about 2,500 Ibs., which can be launched into orbit 
by a combination of existing bvosters. 


Systems Using Solar Energy for Auxiliary Soe 
Vehicle Power. A. E. von Doenhoff and J. M. 
Hallissy, Jr. IAS 27th Annual Meeting, New 
York, Jan. 26-29, 1959, Rep. 59-40. 15 pp. 
Members, $0.50; nonmembers, $1.00. Presenta- 
tion of design requirements for an auxiliary power 
plant, and comparison in performance between a 
Rankine cycle-mercury system and a Stirling 
cycle-radium system. Direct conversion devices, 
such as the thermoelectric converter and the ther- 
mionic converter, are also discussed. 

Retro-Rockets and Drag Devices Teamed for 
Satellite Recovery. F. W. Ross. Space/ Aero- 
nautics, Jan., 1959, pp. 180-184. Discussion of 
energy requirements for re-entry and recovery of 
satellites. A possible method using a combina- 
tion of air drag and retro-rockets is outlined. 

Guidance for Sputnik III. R. E. Stockwell. 
Ordnance, Jan.-Feb., 1959, pp. 673-675. 

Satellite Ascent Paths. Ch. L. Keller. Sperry 
Eng. Rev., Dec., 1958, pp. 2-14. Study of the 
development of the satellite ascent path from its 
first stage of merely orbiting to the more advanced 
steps of orbit selection and satellite interception. 
Problems of these further steps are discussed and 
typical methods of solution indicated. 

Characteristic Velocity for Changing the In- 
clination of a Circular Orbit to the Equator. 
Leonard Rider. ARS J., Jan., 1959, pp. 48, 49. 


Structures 


Bars & Rods 


Kruchenie Tonkostennykh Sterzhnei Zamknu- 
togo Profilia v Usloviiakh Neustanovivsheisia 


Polzuchesti. R. A. Aleksandrian, N. Kh. Aru- 
tiunian, and M. M. Manukian. Prikl. Mat. i 
Mekh., Nov.-Dec., 1958, pp. 766-780. 13 refs. In 
Russian. Study of the torsion of thin bars having 


a closed profile subjected to the conditions of 
unsteady creep. 


R & Col 


K-Value Formulas for Simplifying the Compu- 
tations of Non-Uniform Beam Constants. Tsai 
Fang-Yin. Scientia Sinica, Dec., 1958, pp. 1,338- 
1,354. Presentation of the K-value formulas for 
computing the angle-change coefficient ¢* of six 
basic loading cases. Five examples of derived 
loading cases are given in tabular form. 


Fully-Stressed Design of Elastic Redundant 
Trusses Under Alternative Load Systems. L. C. 
Schmidt. Australian J. Appl. Sci , Dec., 1958, pp. 
337-348. Derivation of the conditions for mini- 
mum-weight design which are shown to require 
the determination of the minimum for all fully- 
stressed designs. The method enabling such 
designs to be found is presented together with two 
illustrative examples. 


Cylinders & Shells 


On Thermo-Elastic Stress-Strain Relations for 
Thin Isotropic Shells. P.M. Naghdi. (J. Aero/ 
Space Sci., Feb., 1959, p. 12 ’. Mich. Res. 
Inst. TN 3 (AFOSR TN 58-994) [AD 205904), 
Oct., 1958. 4 pp. 


Elasticity & Plasticity 


K Postroeniiu Teorii Ideal’noi Plastichnosti. 
D. D. Iviev. Prikl. Mat. Mekh., Nov.-Dec., 
1958, pp. 850-855. 11 refs. In Russian. An- 
alysis of certain extremum properties of an ideal 
plastic flow in the case of Tresca’s plasticity condi- 
tions. 


Uber die Verschiebungsfunktionen fiir das 
achsensymmetrische Problem der Elastodynamik. 


M. Predeleanu. ZAMM, Sept.-Oct., 1958, pp. 
402-405. 11 refs. In German. Derivation of 
displacement functions for the axisymmetric 


problem of elastodynamics. 


Ustoichivost’ Ortotropnoi Tsilindricheskoi Obo- 
lochki pri Kruchenii s Vnutrennim Davieniem. 
V. M. Darevskii and S. N. Kukudzhanov. AN 
SSSR Dokl., Nov. 1, 1958, pp. 49-52. In Rus- 
sian. Study of the " stability of an orthotropic 
cylindrical shell subjected to torsion with internal 
pressure. 


O Rasprostranenii Uprugo-Plasticheskikh Voln 
pri Slozhnom Nagruzhenii. Kh. A. Rakhmatu- 
lin. Prikl. Mat. i Mekh., Nov.-Dec., 1958, pp. 
759-765. In Russian. Derivation of a solution 
for two problems covering the propagation of 
elasto- plastic waves in the case of complex loading 
in order to determine the dynamic resistance of 
materials. 


Edinstvennost’ Simmetrichnogo Resheniia Za- 
dachi o Bol’shikh Progibakh Simmetrichno Za- 
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ITT 


What’s New 
in ITV 


Many exciting new uses for closed circuit 
television save time, life, health and 
money for industry, military, education 
and business. 


@ in the Antarctic, the Navy uses CCTV on 
a helicopter to picture ice conditions to an 
ice breaker following. 


® A utility using ITV to observe water 
levels saved three salaries. 


@ In handling freight, ITV inspected cars 
and gondolas from a distance. 

@ Watching oil drilling or diving operations 
on the ocean floor from the surface. 

@ Checking factory operations for floors 
above from the main floor saved time and 
money. 


®@ Guiding bulldozers run automatically in 
radioactivity areas from a safe distance. 


@ Stores and markets cut shoplifting and 
pilferage with ITV. 


@ Flame patterns in combustion chambers 
of engines and boilers may now be 
observed. 

@ Large organizations reach dealers 
through ITV in many cities for simultaneous 
meetings. 

® Traffic flow through tunnels or toll 
bridges is checked and controlled. 

@ TV camera on factory roof scans large 
roofs for fires. 


ITT makes a complete and versatile line 
of closed circuit TV for every military, 
industrial, business and educational require- 
ment. For bulletins, engineering data and 
other information call our nearest office. 


Los Angeles, Calif. .... EMpire 7-6161 
Detroit, Mich. ...... JEfferson 6-4040 
Fort Myers, Fla. . WYandotte 5-2151 
Washington, D.C. ..... EMpire 5-1515 
Denver, Colo. . AMherst 6-2714 
New York City ........ OXford 5-0082 
San Carlos, Calif. . . LYteil 3-2189 
Ft. Worth, Tex. . .. JEfferson 5-2056 


Industrial 
Products Division 


international Telephone and Telegraph Corp. 
15191 Bledsoe St., San Fernando, California 


Closed Circuit TV © Custom Power Equipment 
Infra Red Equipment ¢ Large Screen Oscilloscopes 
Electronic Instruments ¢ Autopilots for Aircraft 
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gruzhennoi Krugloi Plastiny. N. F. Morozov. 
AN SSSR Dokl., Nov. 21, 1958, pp. 417-419. 
In Russian. Determination of the uniqueness of 
the symmetrical solution for the problem of large 
deflections in symmetrically loaded circular 
plates 


Fatigue 


Tenue & la Fatigue des Avions de Transport. 
J. Dor. Tech. & Sci. Aéronautiques, June, 1958, 
pp. 109-121. In French. Discussion covering 
the fatigue behavior of transport aircraft, with a 
description of the fail-safe system of structural 
design. The test program for selecting compo- 
nents and joining methods is also described. 


Plates 


A Half-Infinite Plate with an Elastically Re- 
strained Edge. M. Stippes. ZAMM, Sept.-Oct. 
1958, pp. 401, 402. Analysis of a more general 
condition of support along the edge of the plate, 
in which the Michell’s solution is contained as a 
special case. 

The Method of Successive Approximations 
Applied to Bending of Plates with Discontinuous 
Boundary Conditions. A. Kacner. Acad. Pol. 
Sct. Bul., No. 5, 1958, pp. 251-254. Solution of 
the problem by applying the method of successive 
approximations in a manner elminating the ad- 
verse effect of the singularities of the influence 
function without resorting to integral equations 
in the open form 

Contribution to the Statics of Composite Plates. 
Vaclav Voditka. Appl. Sci. Res., Sect. A, No. 1, 
1958, pp. 65-72 Mathematical determination 
of the static deflection of infinite composite plates. 
General results are applied to special cases 


Testing Methods 
Tensile wae Testing Machines. A. H. Chil- 
ver. RAeS J., Jan., 1959, pp. 57-59. Descrip- 


tion of F veo bed Ss arrangement for strut testing and 
of its advantages over conventional testing ma 
chines. 


Thermal Stress 


Correlation of Thermal Stresses in Circular 
Cylinders and Flat Plates. The Engr., Jan. 9, 
1959, pp. 56, 57. Pr resentation of numerical re- 
sults for thermal stresses in hollow cylinders, 
lagged on the inner face, due to a step change in 
fluid temperature. 


The oe of Slabs with Arbitrary Heat In- 
puts. R. Goodman. (Allied Res. Assoc. 
Rep bias 28, 1958.) J. Aero/Space Sci., Mar., 
1959, pp. 187, 188. 


Thermodynamics 


Combustion 


Research on Supersonic Combustion. R. A. 
Gross. ARS J., Jan., 1959, pp. 63,64. AFOSR- 
supported review of experimental results, includ 
ing steady strong detonations demonstrated for 
the first time in a laboratory. 


A Novel Combustion Measurement Based on 
the Extinguishment of Diffusion Flames. A. E. 
Potter, Jr., and J. N. Butler. ARS J., Jan, 
1959, pp. 54-56. Description of a combustion 
measurement uniquely suited to the study of 
highly reactive fuel-oxidant combinations. 


Vzaimodeistvie Udarnykh Voln s Frontom 
Plameni. S. M. Kogarko, V. I. Skobelkin, and 
A. N. Kazakov. AN SSSR Dokl., Oct. 21, 1958, 
pp. 1,046-1,048. In Russian. Study of the prob- 
lem covering the amplification of shock waves in 
the case of their interaction with the flame front 
affecting the change in the process of normal com- 
bustion in the shock wave. 


A Detonation-Product Equation of State Ob- 
tained from Hydrodynamic Data. W. Fickett 
and W. W. Wood. Phys. Fluids, Nov.-Dec., 
1958, pp. 528-534. 17 refs. Development of an 
equation of state from the following: (a) experi- 
mental measurement of the Chapman-jouguet 
isentrope of detonation products together with 
b) experimental detonation velocity vs. initial 
density curves. 

K Voprosu o Vosplamenenii Adiabeticheski 
Nagretoi Gazovoi Smesi. S. G. Zaitsev and P. 
I. Soloukhin. AN SSSR Dokl., Oct. 21, 1958, pp. 
1,039-1,041. In Russian. Description of tests 
to study the generation and evolution of the ex- 
othermic reaction in homogeneous gaseous media 
heated adiabatically to temperatures of 600°— 
1,400°C. at pressures of 1-3 atm. 


O Roli Razvetvieniia i Obryva Tsepei pri Tse- 
pochechno-Teplovom Rasprostranenii Plameni. 
L. A. Lovachev. AN SSSR Dokl., Nov. 21, 1958, 
pp. 501-504. In Russian. Determination of the 
effect of branching and discontinuity of chains in 
the case of thermal chain propagation of flames. 


Heat Transfer 


A Heat Conduction Problem Involving a Speci- 
fied Moving Boundary. R. Sibson. Quart. 
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Appl. Math., Jan., 1959, pp. 426-430. 
of one-dimensional heat problems presenting ex. 


Analysis 


act solutions for two cases: when the rate of 
movement of the boundary is proportional to 


t “/2, and when / (time) is constant. 


Teplovaia Konvektsiia vo Vrashchaiushcheigig 
Krugloi Trube pri Postoiannom Temperaturnom 
Gradiente (Szhimaemaia Zhidkost’). V. N. 
Golubenkov. Priki. Mat. i Mekh., Nov.-Dee, 
1958, pp. 840, 841 In Russian. Study of the 
heat convection in a rotating infinite circular tube 
for the case of constant temperature gradient 


Analysis of Heat-Driven Oscillations of Gag 
Flows. V—lInfluence of Heat Transfer in the 
Burner Ports on the Stability of Combustion of 
Premixed Gases. H. J. Merk. Appi. Sci. 
Res., Sect. A, No. 1, 1958, pp. 1-27. 


Effect of Spin on Natural Convection in Mercury 
Heated from Below. David Dropkin and Samuel 
Globe. J. Appl. Phys., Jan., 1959, pp. 84-89, 
USAF-supported experimental investigation 
showing that, in the absence of spin, natural con- 
vection between two horizontal surfaces in mer- 
cury heated from below is given by the formula NV 
= 0.051R'/3 where N is the Nusselt Number and 
R the Rayleigh Number. Spinning the mercury 
about a vertical axis reduces the amount of con- 
vection after a certain value of the spin is ex. 
ceeded. 


VTOL & STOL 


VTOL and STOL Research and Development 
in the Department of Defense. C. F. Horton 
and J. L. Klingenhagen. AHS J., Jan., 1959, pp 
2-11. Development of relationships for the rela- 
tive importance of VTOL and STOL to various 
missions and the applicability of the different 
types of VTOL and STOL. 


ee the Aircraft to the Job. R. 5S. Ross 
AHS J., Jan., 1959, pp. 49-52. Description of 
the Conv oplane or buried rotor system, capable of 
hovering and high-speed forward flight. 


Some Thoughts on VTOL Propulsion. P.G 
Kappus. AHS J., Jan., 1959, pp. 43-48. _Dis- 
cussion of design and operational requirements for 
VTOL power plants 


The Future VTOL Transport. R. L. Lichten 
AHS J., Jan., 1959, pp. 39-42. Discussion of 
design and operational requirements for a trans- 
port aircraft and of the major advantages and 
disadvantages of the Bell XV-3 tilting rotor, 
fixed-wing aircraft 


Hovering and Low Speed Controllability of 
VTOL Aircraft. A. D. Crim. AHS J., Jan, 
1959, pp. 26-28. Comparison of the hovering and 
low-speed controllability of a number of existing 
and proposed VTOL test beds. The principal 
basis of comparison is angular acceleration and 
velocity capability in pitch, roll, and yaw. 


Flight Testing Experiments with the Tilt-Wing 
Aircraft. W. Z. Stepniewski and P. J. Doe 
IAS 27th Annual Meeting, New York, Jan. 26-29, 
1959, Rep. 59-8. 16 pp. Members, $0 30; 
nonmembers, $1.00. (Also in Aero/Space En- 
erg., Feb., 1959, pp. 43-49.) 


Design Considerations for a Propeller-Driven 
VTOL. D. W. Robinson, Jr. AHS J., Jan, 
1959, pp. 34-38. Description of the Kaman K- 
16B tilt-wing amphibian.4 


Force-Test Investigation of the Stability and 
Control Characteristics of a !/;-Scale Model of a 
Tilt-Wing Vertical-Take-Off-and-Landing Air- 
- W. A. Newsom, Jr., and L. P. Tosti. 
U.S., NASA Memo 11-3-58L, Jan., 1959. 53 
pp. Measurement of both longitudinal and lat- 
eral stability and control characteristics in both 
the normal forward flight and the transition 
ranges. 


Tilt Wing _ Poin Jo- 
seph Stuart, III. AHS J., , 1959, pp. 29-33 
Description of the ‘Hiller x “18° propeller lifted, 
tilt wing aircraft and its current development 
status. Some possible single and tandem tilt 
wing designs are described 


The Tilt-Wing Propeller VTOL Aircraft— 
Present Status and Future Role. Joseph Mallen 
and Paul Dancik. AHS J., Jan., 1959, pp. 15-1% 


The Ducted Fan in VTOL Aircraft Design. 
N. E. Nelson. AHS J., Jan., 1959, pp. 53-56 
Discussion of the test programs, model design, 
wind tunnel programs, and construction of a full- 
sized aircraft, the Doak 16 (VZ-4DA) 


Jet Lift VTOL. J. A. O'Malley, Jr. AHSJ, 
Jan., 1959, pp. 20-25. 1lrefs. Summary of ex- 
perience accumulated by Bell Aircraft in the de- 
sign studies and flight tests of jet-propelled 
VTOL aircraft 


Water-Based Aircraft 


A Theoretical and Experimental Study of Plan- 
ing Surfaces Including Effects of Cross Sect’ 
and Plan Form. Ch. L. Shuford, Jr. U.S. 
NACA Rep. 1355,1958. 46 pp. 36refs. Supt 
of Doc., Wash., $0.45. Discussion of pure-plat- 
ing theory for rectangular flat plates and V-bot- 
tom surfaces 
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News 


(IAS News, Continued from page 27) 
e Aerojet-General Corp. has appointed 
]. B. Cowen to the new post of Manager of 
Administration of its Solid Rocket Plant; 
Emest Leist has been named to head up 
feld activities on the Navy Polaris 
fleet ballistic missile at Cape Canaveral 
Missile Test Center; Howard P. Mason 
has been appointed Corporate Base 
Manager for the Pacific Missile Range. 
Announcement of the establishment of an 
Anti-Submarine Warfare Division has also 
been made. .Ordnance Engineering 
Division at Frederick, Md., has been 
renamed the Atlantic Division because of 
the expansion of its activities. 
e Allis-Chalmers Manufacturing Co. 
elected Joel Hunter a member of the Board 
of Directors, and Beauchamp E. Smith, 
General Manager of the Hydraulic 
Division, a Vice-President. 
e American Airlines, Inc., has elected 
Marshall D. Kochman as Vice-President— 
Properties and Facilities, and Alfred J. 
Moccia as Assistant Vice-President-Tax 
Administration. 
¢ Beech Aircraft Corp. has named James 
N. Lew, Vice-President—Contract Ad- 
ministrator, to head all military activi- 
ties. 


e Bendix Aviation Corp... . Bendix 
Radio Division has promoted George 
W. Church to Assistant Manager, Avia- 
tion Products, and E. D. Hart to Engi- 
neering Manager, replacing Mr. Church. 
The German scientist Hans von Schultz, 
it was announced, has joined the Advanced 
Development Staff. . . . Friez Instrument 
Division has named John W. Hammond 
to the post of Assistant Director of 
Engineering, and Russell B. Stevenson 
as General Sales Manager. . . . Bendix- 
Pacific Division has appointed John R. 
Harkness to the new position of Electronics 
Manager. 


¢ Chance Vought Aircraft, Inc., announced 
the formation of a Range Systems Division 
under the direction of S. O. Perry, former 
Chief Engineer, Missiles. 


® Delco-Remy Division, General Motors 
Corp., has appointed Vice-Admiral 


Truman J. Hedding, USN (Ret.) as 
Technical Assistant to the General 
Manager, with executive responsibility 


for defense programs. 


® Douglas Aircraft Co., Inc., has created 
the post of Director of Advanced Engi- 
neering Planning, and has appointed 
Carlos C. Wood, former Chief Engineer, 
Long Beach Division, to fill the new po- 
sition. 


®General Electric Co. ... Defense 
Electronics Division’s Missile and Space 
Vehicle Department has organized a new 
unit for Instrumentation and Communi- 
cations which is headed by Richard E. 
Roberts. 


® Lockheed Aircraft Corp. . . . Georgia 
Division has appointed W. A. Pulver, 
Chief Engineer for the past year, as 
Assistant General: Manager. Arthur E. 


Comorate Member News 


Flock, Chief Advanced Systems Research 
Engineer, California’ Division, has been 
made Chief Engineer, replacing Mr. 
Pulver. Four other promotions were 
made: Al W. Mooney was promoted to 
Project Manager of the newly created 
Engineering Department for the Mexican 
project; F. A. Matthews has been named 
Reliability Manager in the newly estab- 
lished Reliability Branch; V.E. Alexander | 
has been promoted to Special Project | 
Engineer. -Lockheed Missiles and | 

| 

| 


Space Division is the new name of the 
former Missile Systems Division. Carl 
E. Johnson has been named Executive 
Assistant to Willis M. Hawkins, Assistant 
General Manager. 


e Minneapolis-Honeywell Regulator Co. | 
. . .« Aeronautical Division has promoted 
Norman H. Holt to the position of Relia- 
bility Coordinator. 


¢ Pesco Products Division, Borg-Warner | 
Corp., has named Tom G. Conway Vice- 
President in Charge of Manufacturing. 


e@ Republic Aviation Corp. has appointed 
Harley S. Jones, former Air Force air- 
craft and missile production planner, as 
Executive Vice-President. 

e Ryan Aeronautical Co. has announced 
that Rear Adm. Eddie R. Sanders, USN 
(Ret.), has joined the Electronics Division 
as Executive Advisor to Owen Olds, 
Director of Engineering and Customer 
Relations, on matters pertaining to 
military relations. 


@ Simmonds Aerocessories, Inc., has 
named Harrison F. Edwards to the new 
position of Chief Engineer, Product 
Engineering, at its manufacturing division 
in Vergennes, Vt. 


e Solar Aircraft Co. . .. Des Moines 
Division has named Raymond T. Zwack 
as Manager of Development Engineering. 


@ Space Technology Laboratories, Inc., 
has elected Dr. George E. Mueller and 
Dr. Edward B. Doll as Vice-Presidents. 
Dr. Mueller will continue to serve as the 
Director of the Electronics Laboratory. 
Dr. Doll will assume new responsibilities 
as Associate Director of the Systems 
Engineering Division. He will also con- 
tinue to serve as Program Director for the 
USAF’s Atlas. 


@ Thompson Ramo Wooldridge Inc. has 
elected Eben H. Jones as Vice-President 
and General Counsel. Four operating 
executives also made Vice-Presidents are: 
Pierce T. Angell, Engineering Manager, 
Tapco Group; Robert E. Cummings, 
Manager, Thompson Products Valve 
Division; William M. Jones, Manager, 
Thompson Products Commercial Elec- 
tronics Group, and Carl L. Kahlert, 
Manager, Thompson Products Replace-p 
ment Division. In addition, James R. 


Lewis has been appointed to the new 
corporate staff position of Director of 
Public Relations. 


@ Vertrol Aircraft Corp. has appointed 
Friedrich L. von Doblhoff as Director of 
Engineering—-International Division. 
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JUST PUBLISHED! 
Pictorial Encyclopedia of the World’s 
Rocket Knowledge 


——«» 


ROCKET ENCYCLOPEDIA 
ILLUSTRATED 
John W. Herrick, Chief Editor 
Member of Technical Staff, Space Tech- 


nology Laboratories, Inc., subsidiary of 
Thompson Ramo Wooldridge, Inc. 

Eric Burgess, Associate Editor 
Member of Technical Staff, Telecomputing 
Corp., and internationally known author. 

Foreword by Dr. Theodore von Karman 
International authority onrockets and missiles. 
— Large 600 Page Book! — 
Authentic Definitions of rocket technology 
.. research, engineering, production, testing. 
Complete Explanations of each term in 
basic, easy-to-understand language. . .very 

profusely illustrated. 

Details of the illustrations are identified by 
captions, and are cross-referenced in the 
text by bold-face type. 


450 Photos & Drawings... 


Many never published before! 


Principles, Developments & Operations. 
Rocket power, propulsion applications, pro- 
pellants, engines, assemblies, components, 
accessories, systems engineering. . .includ- 
ing missiles, processing and production 
methods, test and ground equipment, Mili- 
tary and industry facilities. 


Abbreviations, symbols, engineering data, 
history of outstanding events, biographies. 
Large 714 x 1034 size. Only $12.50. 
OBTAIN FROM YOUR BOOKSTORE or 
MAIL COUPON TODAY 
Examination! 


AERO PUBLISHERS, INC., Dept. AE4, 

2162 SUNSET BLVD., L. A. 26, CALIF. 

Rush me the new Rocket Encyclopedia for 10 days free 
examination. Within that time | will either remit $12.50 
plus postage, or return the book with no further obliga- 


tion. 
O Bill me CO Bill my company (O Send Free 1959 
Aviation Book Catalog 


0 SAVE! | am enclosing my check or money order for 
$12.50. | understand Aero Publishers will pay de- 


livery postage, and that | have the same return privilege. 


AERO PUBLISHERS, INC. 


Aviation Books since 1939 
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tas News 


IAS Sections 


Channel Cities Subsection 


Missile and Space Challenge 
Subject of L. Eugene Root 


A review of the problems encountered 
in the development of the Polaris IRBM 
and Discoverer satellite vehicle was pre- 
sented by L. Eugene Root, Vice-President 
and General Manager, Lockheed Mis- 
siles and Space Division, Lockheed Air- 
craft Corp., in his talk on ‘‘Stepping Up 
to the Missile Space Business’’ at the 
new subsection’s first dinner meeting on 
January 13. 

Mr. Root said that the major problems 
in most cases were without precedence 
for a solution, and represented a real 
challenge to the ingenuity of those engaged 
in the programs. He _ reminded all 
scientists and engineers associated with 
the missile business of their responsibilities 
to face up to these technical challenges, 
so the U.S. space program would move 
forward faster. 

John Northrop, Aeronautical Con- 
sultant, was Guest Chairman and _ in- 
troduced Mr. Root. 

The Chairman of this new subsection 
is Dr. A. B. Focke, Technical Director 
of the Pacific Missile Range; other pro- 
tem officers are Dr. Adam Zahorski, 
Zahorski Engineering, Inc., Vice-Chair- 
man, and Herbert J. Spey, Pacific Mis- 
sile Range, Secretary-Treasurer. 

HERBERT J. SPEY 
Secretary-Treasurer 


Chicago Section 


Dr. Victory Outlines 
Objectives in Space 


The objectives of aeronautical and space 
activities stated in the National Aero- 
nautics and Space Act of 1958 were out- 
lined by Dr. John F. Victory, Assistant 
to the Administrator, NASA, in his talk 
on *fThe NASA and Space Technology’’ 
at a January meeting. Dr. Victory said 
that the 1958 Act declares “‘it is the policy 
of the United States that activities in 
space should be devoted to peaceful 


purposes for the benefit of all mankind.”’ 
He cited U.S. resources, knowledge, will, 
and responsibility as reasons why we 
should pioneer in the space age and said 
that reliable rocket boosters would 
determine our ability to progress in space 
exploration. He noted that the 1,500,- 
000 Ib. thrust rocket engine was 
ibout 4 years away; then, he said, will 
come chemical rockets with thrusts of 
several million lbs. Nuclear propulsion 
will increase thrust more, and ion or 
plasm propulsion will permit space ex- 
ploration. 

Dr. Victory spoke briefly on the NASA 
directed national effort ‘‘Project Mercury” 
which has as its objective the putting of 
man into space. The Army Jupiter 
missile is the most likely vehicle for this 
venture, he said. Success is several 
years away, with problems of man and 
machine yet to be solved. Dr. Victory 
conceded that the Russians were ahead 
in the space race and mainly blamed our 
archaic educational system which does not 
produce thinkers 

J. S. ISLINGER 
Vice-Chairman 


Hampton Roads Section 
Classified Talk by Col. Tosti 


‘*Air Force Research and Development 
in the Space Age’’ was the subject of a 
classified talk given by Col. Carlo R. 
Tosti, USAF, at a January meeting. 
Colonel Tosti, Special Assistant to the 
Commander, ARDC, gave a graphic two 
hour talk on the current status of Air 
Force research and the research plans 
in the near future. The talk was well 
documented with films and slides. 

Joun M. EGGLESTON 
Secretary 


Los Angeles Section 


Specialist, Dinner Meetings 
Highlight Activities 


Two methods for limiting the peak 
deceleration of space vehicles during re- 


Master Sergeant Robert R. Perry, Chief of Technical Training for Headquarters 3510th Maintenance 
and Supply Group at Randolph AFB and Secretary of the San Antonio Section, presents a paper on 
“Inside the Vanguard Vehicle and Its Satellite’ at the December meeting. Others, left to right, are 
Mrs. Cecil Barnes; Rev. Father Buehler, President of St. Mary's University; Cecil Barnes, Section Chair- 
man; and Jean Perry, wife of the guest speaker and a graduate Aircraft Performance Engineer. 
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entry were described at a January Special. 
ist Meeting by F. W. Hartwig, Space 
Technology Laboratories, in a_ paper 
coauthored with C. B. Cohen, STL, and 
Prof. Lester Lees, California Institute of 
Technology. It was found that by the 
use of a continuous drag modulation the 
deceleration loads could be reduced by as 
much as 50 per cent without affecting 
significantly the total aerodynamic heat- 
ing. 

In the second method, aerodynamic 
lift was employed during entry into the 
earth's atmosphere at either orbital or 
escape velocity. The range of allowable 
entry angles for a prescribed peak decelera- 
tion was greatly increased while the total 
heat energy was held to about the same 
as for nonlifting vehicle. 
> ‘‘Flight Testing—Yesterday, Today, and 
Tomorrow”? was compared at a January 
Dinner Meeting by Brig. Gen. Marcus 
F. Cooper, Commander, Air Force Flight 
Test Center, EAFB. Describing the 
role of the test pilot in the development of 
military aircraft, he noted his change in 
duties from those of crew chief-mechanic- 
engineer prior to World War II to test 
director at the present time. Despite the 
increase in complexity of projected air- 
craft missiles, Gen. Cooper predicted that 
the test pilot, though perhaps in a modified 
role, will continue to be essential. 
> A method of optimizing the staging of 
multistage boost vehicles was outlined 
at another January Specialist Meeting 
by Carl H. Builder, Astro Division, 
Marquardt Aircraft Co. Noting that 
minimum gross weight is not likely to be 
the only criterion of interest and that a 
large number of parameters, such as cost, 
empty weight, volume, etc., are approx- 
imately proportioned to stage weight 
over the range of interest, Mr. Builder 
presented a means of optimizing staging 
for many criteria of interest, including 
the criterion of minimum gross weight. 


HERBERT R. SAFFELL, JR. 
Secretary 


San Antonio Section 


Space Exploration Highlights 
January, December Meetings 


Major W. R. Aiken, Education Planning 
Chief of the Officers Candidate School 
at Lackland AFB, spoke at the January 
meeting on ‘‘Einstein and Space Explora- 
tion.””’ He approached the subject from 
the possibility of an ‘‘outer’’ space visitor 
and tied this in with his experiences on the 
Air Force’s ‘‘Unidentified Flying Object” 
project. Major Aiken gave the relative 
distances between the galaxies and planets, 
and discussed in detail Einstein’s “special”, 
“general” and “‘unified’’ theories. He 
feels that in the universe there are at 
least 100,000 earths that support human 
life, and further persisted that the speed 
of light is not ultimate. 

Chairman Cecil Barnes formally notified 
members present of the death of one of 
our founder members, Gen. Clement Mc- 
Mullen (Ret.). In honor of General 
McMullen, it was announced that the 
Section would make a donation to Boys- 
ville, a boys’ home in San Antonio 


ROBERT R. PERRY 
Secretary 
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> The December meeting, commemorat- 
ing the 55th anniversary of the Wright 
prothers’ flight, was held at Billy’s Res- 
taurant, near the Kelly Air Force Base. 
Guest speaker Master Sergeant Robert 
R. Perry, Chief of Technical Training 
for Headquarters 3510TH Maintenance 
and Supply Group at Randolph AFB, 
spoke on ‘‘Inside the Vanguard Vehicle 
and Its Satellite.’”’ He dealt with the 
intricacies and the vast problems that 
are encountered by our present day 
“missilemen’’—not only regarding the 
satellite launching vehicle, but also in 
relation to the problems of designing 
and placing a man-made object into 
orbit about the earth (see photo, p. 136). 
To clarify his presentation, Sergeant 
Perry used excellent color coded scale 
models of the Vanguard vehicle and its 
21 Ib. satellite. Each guest was provided 
with schematic drawings of the missile 
and satellite, coded and marked as to 
match the actual models, to provide a 
means of following the presentation. 


CEcIL W. BARNES 
Chairman 


Seattle Section 


Edward C. Wells Looks 
Into the Future 


That an understanding of the past can 
be of invaluable assistance in charting 
a course for the future was one of the 
thoughts emphasized by Edward C. Wells 
in his talk entitled “Fifty-five Years After 
the Wright Brothers—A Look Into the 
Future,’’ at the January 14 Dinner Meet- 
ing. Mr. Wells, President of the IAS 
for 1958, is Vice-President of Boeing 
Airplane Co., in charge of the Systems 
Management Office. 

Noting the giant strides that have been 
made since the time of the Wright brothers 
to the advent of the era of the jet trans- 
port of today, the roles of both turbo- 
jet and the turboprop airplanes were 
briefly outlined in relation to the need of 
the air transport industry and the traveling 
public. Mr. Wells then remarked on the 
possibilities for the next logical step in 
air transport development—the super- 
sonic transport. The importance of the 
long-term, well-established trend for the 
economical range of an airplane to in- 
crease with speed: was stressed in relation 
to the flexibility of such an airplane over 
airline routes, and in its ability to fill a 
genuine need. In this respect, the neces- 
sity for parallel developments in trans- 
portation was emphasized in order that the 
full potential of the supersonic transport 
might be realized. 

Mr. Wells compared the dawning of the 
space age, with its seemingly limitless 
possibilities, to the sudden availability of 
a limitless candy store, with the attend- 
ing possibilities and even likelihood of 
a severe case of indigestion as the price of 
overindulgence. As we follow the his- 
torical cycle of gaining knowledge, giving 
it concrete form, and exploiting these 
forms to the fullest in the space age as 
we have in the past in aviation, man is 
likely to find that the final limits to 
this process are his capacity for gaining 
and using new knowledge and the re- 


Dr. Igor I. Sikorsky (right), guest speaker at 
the inaugural banquet of the new South Florida 
Section, is shown with Program Chairman E. L. 
Eveleth. 


sources at his command, both human and 
material. Even if the trend predicted 
by Dr. E. Teller, which envisions a dou- 
bling of human knowledge every 100 years, 
materializes, the problems of managing 
an enterprise which utilizes the knowledge 
and skills of an ever increasing number of 
more and more highly specialized in- 
dividuals would seem eventually to con- 
stitute another limit to man’s exploitation 
of space. The many problems which are 
to be overcome are such as to assure that 
this task will be long and arduous. Never- 
theless, Mr. Wells indicated, each of us 
should be willing to play our individual 
parts to the fullest in this gigantic under- 
taking, and to resist any temptation to 
rest upon the laurels of our past ac- 
complishments. 

Finally, Mr. Wells expressed his grati- 
fication for being able to work with 
the IAS, particularly in an active year 
which saw such important events as the 
inauguration of a series of international 
conferences in the aeronautical and space 
sciences at Madrid. 

Over 250 members and guests attended 
this meeting, held at the Seattle Tennis 
Club. 


Louts B. GRATZER 
Secretary 


South Florida Section 


Sikorsky Is Speaker 
at Inaugural Banquet 


Dr. Igor I. Sikorsky, Consulting En- 
gineer, Sikorsky Aircraft, spoke on ‘‘Trans- 
port and Cargo Crane Helicopters’? at 
the inaugural banquet at Bahia Mar 
Yacht Club, Fort Lauderdale, Fla., 
early in January. 

Dr. Sikorsky told the 110 members and 
guests of future potential of the new S-62 
helicopter for rescue purposes. The 
crane-type helicopter is able to lift several 
thousand Ibs. to inaccessible areas. He 
said that the ‘‘cranes’”’ have been used 
successfully by the petroleum, natural 
gas, and telephone industries. 

E. L. Eveleth, Vice-President and Gen- 
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eral Manager of Southeast Machinery Co., 
was Program Chairman of the event. 
ANDREW C. McDERMOTT 
Secretary 


Tullahoma Section 
Research, Development Discussed 


At the January meeting, an informal 
talk was given by Julius Lukasiewicz, 
Chief of the Gas Dynamic Facility, Air 
Engineering Development Command, on 
“Research and Development in the United 
Kingdom, Canada, and the United States.’’ 

Mr. Lukasiewicz posed and discussed 
the following questions in his talk: What 
are the administrative restrictions on 
research and development in various 
countries? What division do the various 
countries make between applied and basic 
research? With the multibillion dollar 
cost now associated with weapon systems, 
what contribution can an economically 
small country such as Canada make in the 
research and development field? 

He also discussed the future role of 
helicopters and VTOL aircraft in the 
industrial development of Canada’s remote 
northern territories. A scenic movie was 
shown describing the operations of the 
modern-day helicopter ‘‘bush”’ pilot when, 
as in some cases, a 14 by 14 ft. wooden 
platform perched on a mountain peak is 
the only landing area. 

W. Davis 
Secretary 


Tulsa Section 
DC-8 Fuselage Structure 


Russell W. Brown, Chief of the Struc- 
tures Design Section, Douglas Aircraft 
Co., Inc., Tulsa Division, spoke on ‘‘Fa- 
tigue Test and Evaluation of the DC-8 
Fuselage Structure’? at the December 
meeting. 

Results of an underwater fatigue and 
fail-safe test program of the DC-8 fuselage 
were presented. Data from this program 
has been especially useful in evaluating 
and organizing inspection procedures for 
high-altitude jet transport airplanes. An 
equivalent of 40 to 120 years of endurance 
under simulated service loads was imposed 
on the specimen. Damage propagation 
rates and fail-safe characteristics of the 
structure were studied under these de- 
liberately prolonged exposures of fatigue 
which were beyond the scope of experience 
permissible in actual service. The purpose 
was to present the actual data taken from 
this test. The presentation included 
crack rates and maximum crack lengths 
attained. It also included a discussion 
of the critical locations in which these 
cracks occurred and the improvements 
incorporated in production of DC-8 
airplanes as a result of these tests. This 
information was the subject of a paper 
presented at the Eleventh Technical Con- 
ference of International Air Transport 
Assembly at Monte Carlo, in September, 
by the Chief Engineer of Douglas Air- 
craft, Santa Monica Division. 


ALLAN M. McCasKILi 
Recording Secretary 
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from research, design, development and manvfacturing Washington Section 
Gen. Orval Cook is 
from P. R OP. ELLEX Speaker at January Meeting 


General Orval R. Cook, President, 
Aircraft Industries Association of America, 
addressed the January meeting on ‘The 
Engineer and Management.’? Thomas 
Meloy, President of Melpar, Inc., was the 


A NEW 
SOURCE OF 
FLIGHT TESTED 


COMPONENTS Honorary Chairman for the meeting, 
Douglas Aircraft sponsored the social 
; eriod with Frank Duquette representin 
solid propellant rocket motors as host for this of 
program. S. Paul Johnston, Director of 

‘ the IAS, was guest for the evening. Introx 

Mr. Meloy, whose company employs wt : 

1,500 engineers, physicists, mathema- diagrs., 

ticians, and chemists, out of a total of The 

theory 

5,000 employees, set the stage with some of the 

observations on engineers and manage. J *coun 


cludes 
ment. In his opinion, good managers to the lz 


basically require a natural ability. After informa 


Whatever you need in the way of 


propellants, explosives and cartridge selecting a man with management ability, | 
actuated devices, Propellex can he can be taught techniques which will 
deliver in a minimum of time at a improve his capacity, but training is not Proc: 
minimum of cost. enough to make a good manager. A p 3 

” manager needs to know accounting, 1958. 
business law, corporate structure, and be some 
aN able to express himself well. He must also pp., ill 
PROPELLBEBX—— be able to select well from the proposals — 
; CHEMICAL CORPORATION fe and people that come to him. In today’s Tan H: 
P. BOX 187 « EDW. VILLE, ILLINO! 
| PHONE: EDWARDSVILLE 3400 technological advances, the inventive aS 
serving as prime contractor to the genius sitting alone in a room has disap. } H. J. C 
U. S. Government and to the nation’s peared and has been replaced by group — 
aircraft and missile manufacturers. effort. Consequently, the engineer has Coeffic 
articinate ore > Explan 
Engineers and scientists with vision and ability to participate more and more in manage- Pines. 
are invited to investigate the opportunities at | ment. After his remarks, Mr. Meloy ] Head, 
Propellex. introduced General Cook. —, 
General Cook reviewed the technical Norma 
achievements of the United States and a 
. Russia during the past year. He stated Comps 
Shur EVAN that the most dramatic object in space omy 
RESEARCH ENGINEERS today was the Russian ‘‘Lunik’”’ or Archer 
TORQUE TESTING “Mechta,” just as the “Sputnik” was the eg 
Stimulating and creative research posi- FIXTURE earth’s most dramatic fellow traveler a J the D 
tions are open at ARMOUR RESEARCH | year ago. This, however, is not a clear J Copal 
3 se indication that we have made little or no Altitu 
FOUNDATION in the fields of: Dynat 
progress in the year, as it might appear to VK 
Hypersonic Flight Problems be. Uncon 
Hydrodynamics We have made clearly identified prog- Deuts 
ress. We have a national sense of 
urgency. We have a national declara- 
¥ tion of intent that the conquest of space Progr 
: — is vital to our welfare and security. We 1958. 
Boundary layer investigations and wake s é _security. e agp 
flow problems of high speed flight are have created an organizational structure pp.. il 
to carry out that intent. We _ have Thi 
some of the programs and concepts you 4 F establ 
. ‘ established requirements and placed hard- out ti 
ware orders for some very advanced sys- 
. ‘ 
M.S. to Ph.D. in Aerodynamics of Mechan- tems. However, the ‘‘Lunik”’ is evidence Airwa 
: that we have not been able to catch ment 
ical Engineering required with good functi 
‘bl up to the Russians within a year. We Feder 
are on the move, but we must not expect 
flow, heat transfer and thermodynamics. FOR TESTING Screws, thread-cutting the programs initiated during the year BY 
2 and thread-forming screws— all types of to bear fruit in that year or even the fol- Resez 
We offer outstanding employment bene- threaded fasteners; threaded parts and Devel 
4 lowing year. Our technical achievements Signit 
fits including liberal vacation policy. If threaded connections. : 
in 1958 were the result of work started 
you would like to work in a well known FOR MANUFACTURERS several years earlier. tie 
research organization with some of the DESIGNERS General Cook then stated, ‘‘“How much —_ 
leading engineers in this field, please INSPECTORS more effective our efforts might have been Oper: 
write to: TOOL ENGINEERS if we had planned them can be left to your wate 
imagination and judgement.’’ More than tems 
E. P. Bloch Capac LABORATORIES ever before, advance planning is the critical biliti 
in. PRODUCT CONTROL 
Armour Research Foundation (0-200 in. element in formulating management deci- § _ biliti 
. 
of ara in assembly. sions, whether on the national or corporate Appe 
Ibs.) level. The rate of our technological 
Illinois Institute of Technology Write for Bulletin TTF advances is of a revolutionary nature. P} 
10 West 35th Street Cro Almost overnight, weapon availability Erne 
Chicago 16, Illinois = has reached a point where it precedes 7 
(Continued on page 143) $1.91 
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REVIEWS OF 


. . . inthe field of aeronautical engineering and space technology 


ACOUSTICS, SOUND, NOISE 


Introduction to a Study of Mechanical Vibra- 
tion. G. W. Van Santen. 2nd Rev. Ed. New 
York, The Macmillan Co., 1958. 310 pp., illus., 
diagrs., tables. $8.50. 

The object here is to review the elementary 
theory of mechanical vibrations, as well as some 
of the more important problems of vibration 
encountered in practice. The revision  in- 
dudes corrections of the 1953 edition, references 
to the latest technical advances, and more detailed 
information on some modern vibration measuring 
instruments. 


AEROELASTICITY 


Proceedings of the Nationa! Specialists Meeting 
on Dynamics and Aeroelasticity (Unclassified 
Portions), Fort Worth, Texas, November 6-7, 
1958. Sponsored by the Institute of the Aero- 
nautical Sciences in Cooperation With the Texas 
Section of the IAS. New York, IAS, 1958. 135 
pp., illus., diagrs., tables. $6.00. 

Contents: Some Recent Developments in the 
Flutter Analysis of Low-Aspect-Ratio Wings, Pao- 
Tan Hsu. Developments in the Flutter Analysis 
of General Plan Form Wings Using Unsteady 
Air Forces from the Kernel Function Procedure, 
H. J. Cunningham and D.S. Woolston. Investi- 
gation of a Method for the Measurement of 
Subsonic Oscillatory Aerodynamic Influence 
Coefficients, H. N. Abramson. An Elementary 
Explanation of the Flutter Mechanism, S. 
Pines. A Philosophy of Design for Flutter, A. L. 
Head, Jr. The Use of Low Speed Flutter Model 
Tests and Trend Curves to Establish Flutter 
Boundaries, P. T. Mahaffey. A Method of 
Normal Mode Excitation Utilizing Admittance 
Measurements, G. W. Asher. Vibration Analysis 
of Orthogonally Stiffened Circular Fuselage and 
Comparison with Experiment, H. C. Nelson, B. 
Zapotowski, and M. Bernstein. A_ Stiffness 
Matrix Method of Natural Mode Analysis, J. S 


Archer. Landing Gear Vibrations Induced by 
Skidding Tires—Theoretical and Experimental 
Study, N Zimmerman. Some Studies of 


the Dynamic Motions of Hypervelocity, High 
Altitude Vehicles, E. L. Kistler, Jr., and F. F. 
Capalongan. The Influence of Rate of Change of 
Altitude and Acceleration on the Longitudinal 
Dynamic Stability of Aircraft and Missiles, 
V. K. Merrick. Dynamic Model Tests of an 
Unconventional Landing Configuration, J. N. 
Deutschmann and M. Schlessinger. 


AERONAUTICS, GENERAL 


Research and Development; Program and 
Progress Report, 14 August 1957-31 October, 
1958. U.S. Federal Aviation Agency. Washing- 
ton, Superintendent of Documents, 1958. 124 
p.,illus., diagrs. $0.70. 

This report is a summary of the programs 
established and the progress made on carrying 
out the modernization of the national system 
of air traffic control and air navigation. It covers 
the research and development activity of the 
Airways Modernization Board since its establish- 
ment by Congress on August 14, 1957. The 
functions of this Board were transferred to the 
Federal Aviation Agency on this date, as au- 
thorized by the Federal Aviation Act of 1958. 
Contents: Executive Order Transferring AMB 
to FAA. Organization Chart, Bureau of 
Research and Development. Research and 
Development Progress Summary. Summary of 
Significant Active Contracts. Funds. Person- 
nel. The Common System Time Schedule. 
Research and Development Program Documen- 
tation. Current Projects and Task Activity. 
Summary of Active Projects and Tasks. Opera- 
tions Analysis Functional Responsibilities. 
Operations Analysis Program Descriptions. 
Systems Analysis Functional Responsibilities. 
Systems Analysis Program Descriptions. Sys- 
tems Experimentation Functional Responsi- 
bilities. Systems Experimentation Program De- 
scriptions. Development Functional Responsi- 
bilities. Development Program Descriptions. 
Appendix. 


ASTRONOMY 


Physics of Meteor Flight in the Atmosphere. 
Ernest J. Opik. (Interscience Tracts on Physics 
and Astronomy, No. 6.) New York, Interscience 
Publishers, Inc., 1958. 174 pp., diagrs., tables 


The booklet has originated from a series of 
lectures on ‘‘The Physics of Meteors and their 
Cosmic Relationships,’’ delivered in the spring 
term of 1957 at the Department of Physics of the 
University of Maryland, during the author’s 
stay there as Visiting Professor. The present 
scope is somewhat narrower and covers chiefly the 
phenomena occurring during the flight of the 
meteor through the terrestrial atmosphere. The 
various chapters deal with: the atmosphere, the 
classification and physico-chemical properties 
of meteors, meteoroid energy transfer, ablation, 
details of energy transfer and types of ablation, 
atomic collisions, and meteor radiation. 

The author is Director of the Armagh Observa- 
tory, Armagh, Northern Ireland. 


CONTROL THEORY 


Handbook of Automation, Computation, and 
Control. Vol. 1, Control Fundamentals. Edited 
by Eugene M. Grabbe, Simon Ramo, and Dean 
E. Wooldridge. New York, John Wiley & Sons, 
Inc. 985 pp., diagrs., tables. $17. 

This Handbook is a three volume set directed 
toward all levels of technical personnel who are 
concerned with the application of technology 
to the dev elopments in automatic equipment and 
systems and contains a compilation of available 
theory and information on general mathematics, 
feedback control, computers, data processing, and 
systems design. The various sections were 
written by specialists in the field of control 
theory who have laid particular emphasis on 
practical methods of applying theory, on new 
techniques and components, and on the ever 
broadening role of the electronic computer. 
Each chapter begins with definitions and descrip- 
tions aimed at providing perspective and then 
moves on to more complicated theory, analysis, 
and applications. In general, the Handbook 
assumes some engineering training and _ will 
serve as an information source and refresher for 
practicing engineers; for management, it will 
provide a frame of reference and background 
material for understanding modern techniques 
of importance to business and industry. 

Volume 1 contains a strong treatment of 
general mathematics which includes chapters 
on subjects not ordinarily found in engineering 
handbooks. These include sets and relations, 
Boolean algebra, probability, and _ statistics. 
Additional chapters are devoted to numerical 
analysis, operations research, and information 
theory. Finally, the present status of feedback 
control theory is summarized in eight chapters. 
Volumes 2 and 3, which are not yet available for 
distribution, will deal with computers and data 
processing and systems and components, re- 
spectively. 

Contents: (1) Sets and Relations, R. M. Thrall. 
(2) Algebraic Equations, R. C. Lyndon. (3) 
Matrix Theory, R. C. Lyndon. (4) 
Difference Equations, Ls E. Hay. (5) Dif- 
ferential Equations, G. E. Hay and W. Kaplan. 
(6) Integral oar E. H. Rothe. (7) 
Complex Variables, W. Kaplan. (8) Operational 
Mathematics, W. Kaplan. (9) Laplace Trans- 
forms, W. Kaplan. (10) Comformal Mapping, 
W. Kaplan. (11) Boolean Algebra, A. H. 
Copeland, Sr. (12) Probability, A. H. Copeland, 
Sr. (13) Statistics, A. B. Clarke. (14) Numeri- 
cal Analysis, B. Dimsdale and others. (15) 
Operations Research, E. L. Arnoff. (16) In- 
formation Theory, P. Elias. (17) Smoothing and 
Filtering, P. Mertz. (18) Data Transmission, 
P. Mertz. (19) Methodology of Feedback 
Control, W. M. Gaines. (20) Fundamentals 
of System Analysis, S. J. Jennings and A. A. 
Winkeljohann. (21) Stability, W. E. Sollecito 
and Reque. (22) Relation 
Transient and Frequency 
Bradford and M. W. DeMerit. (23) asda 
System Compensation. P. G. (24) 
Noise, Random Inputs, and Extraneous Signals, 
D. L. Lippitt. 25) Nonlinear Systems, W. M. 
Gaines. (26) Sampled-Data Systems and Peri- 
odic Controllers, J. E. Barnes, Jr. 


DIRECTORIES 


The Aerospace Industry; A Report on Plants 
and Facilities. Prepared by Arro/Space EnGI- 
NEERING; Compiled by Hugh C. Judge. 3rd 
Ed. New York, IAS, 1958. 32 pp. $0.50. 

A compilation of the plants and facilities in the 
United States engaged in the research, design, 
or manufacture of airframes and propulsion 
units for aircraft, missiles, rockets, and outer 
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* illus., diagrs. $8.00 


space vehicles. Also included is a representative 
list of the manufacturers of complete systems for 
air and space vehicles. 

Whites Air Directory and Who’s Who in New 
Zealand Aviation (Including the South Pacific), 


Vol. 10, 1958-59. Auckland, N.Z., Whites 
Aviation Ltd., 1958. 152 pp. $1.50. 
Contents: Historical Events; Who’s Who 


Section; Former Chiefs of Staff, R.N.Z.A.F.; 
Royal New Zealand Air Force; Civil Aviation 
Administratior; Air Services Licensing Author- 
ity; Scheduled Airlines; Airline Representatives; 
Non-Scheduled Operators; Aerial Work Opera- 
tors; Maintenance & Overhaul Companies; 
Aerial Photography; Approved Firms; Aero- 
dromes and Airfields; Meterological Informa- 
tion; Radio Facilities; Air Traffic Control; 
Aeronautical Publications; Aeronautical Train- 
ing; Societies and Clubs; Aero Clubs; Gliding 
Clubs; Gliding Records; Air Pageant Trophies; 
Scholarships and Awards; Registered Aircraft; 
Licence Holders; Aircraft Maintenance Engi- 


neers; Aircraft and Engine Representatives; 
Components and Materials; Airways Booking 
Agents; Air Freight; Customs Agents; In- 


surance Companies and Brokers; Aviation Fuel 


and Oil; Model Aircraft Supplies; General 
Index; Index to Advertisers. 
DOCUMENTATION 
Information Storage and Retrieval, Theory, 
Systems, and Devices. Edited by Mortimer 


Taube and Harold Wooster. (Columbia Uni- 
versity Studies in Library Service, No. 58- 
190.) (AFOSR TN 10.) New York, Columbia 
University Press, 1958. 228 pp., diagrs. $6.00. 

This book is the result of a Symposium on 
Information Storage and Retrieval, Theory, 
Systems, and Devices held in Washington, 
D.C., March 17, 18, 1958 

Contents: Part I. Working Papers, by Morti- 
mer Taube: The Scope and Limits of the Prob- 
lem; Historical Solutions; The Present State 
of Theory, with an Addendum on Indexing, 
Language and Meaning; The Present State of 
Devices and Systems; Future Research in 


Theory; Future Development of Devices and 
Systems. 
Part II. Discussion: The Relation of Storage 


to Retrieval, A. Kreithen; The Relation of 
Physical to Symbolic Systems, R. Shaw; The 
Logic of Retrieval Devices, M. Taube; Digital 
Coding tor Information Retrieval, C. N. Mooers; 
The Grouping and Arrangement of Terms, 
Items, and Their Codes, E. Wall; The Environ- 
ment and the Requirements of a System, C. 


Bernier; Indexing, Language, and Meaning, 
H. P. Luhn. 
EQUIPMENT 
Electricity in Aircraft. F. G. Spreadbury. 
New York, The Macmillan Co., 1958. 342 pp., 


Since 1945 the number of electrical applications 
in aircraft has increased greatly and, conse- 
quently, so has the power demand on the gener- 
ating system. This book, which is intended for 
electrical engineers, technicians, and ground 
service crew specializing in all aspects of air- 
craft electricity, deals mainly with aircraft 
electrical equipment that has come into use 
since that date. Electrical ignition, becoming 
of diminishing importance in aircraft, is treated 
only with regard to its application to turbine 
starting. 

Contents: (1) Systems of Generation in Air- 
craft: Direct Current. (2) Systems of Genera- 
tion: Alternating Current and Rectified A. C 


(3) Rotary Converters and Inverters. (4) Air- 
craft Storage Batteries. (5) Switchgear and 
Cables. (6) Motors and their Applications. 


(7) General Utilization Equipment in Aircraft. 


(8) Testing and Test Equipment. Index. 
FUELS 
Rocket Propellants. Francis A. Warren. 


New York, Reinhold Publishing Corp., 1958. 
218 pp., illus., diagrs., tables. $6.50. 

The purpose of this book is to provide technical 
men with basic information on the materials 
heing used to propel rockets and missiles. In 
addition to detailing the history of rocket fuel 
development, the various chapters deal with: the 
composition, manufacturing methods, and per- 
formance details of both solid- and liquid- 
propellants used in rockets, from small signal 
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launched; propellant burning; ignition and generat 
t ru igniters; the various rockets that use each kind of today's 
te NOW IN ITS SECOND YEAR rd fuel; safety in the propellant manufacturing and a 
plant; quality control of the product; and the rockets 
te Al future of propellants, with a review of the theories particu! 
c A that may lead to new ones, such as ion and photon aspects 
E THE PHYSIC S OF FLUIDS =) propulsion, and anti-gravity United 
BE a) The author is Manager of the Special Projects Great 1 
E 4 Section, Department of Chemical Research, jn this 
4 Devoted to original research contributions covering the fields of A The Storage and Handling of Jet Fuels at | astrona 
Airports. Division of Marketing, Aviation which, 
Technical Service Committee, American Pe. inform: 
troleum Institute. 3rd Ed. (API Bulletin A pa 
1503.) New York, API, Jan., 1958. 11 pp, one 
diagrs. $0.50 the nai 
nautica 
summa 
MATERIALS the in 
lL) Structure and general physics of gases, liquids, plasmas, and other & Laminated Plastics, Including High-Pressure manuf 
Th fluids and including: te and Low-Pressure Types and Reinforced Plastics, militar: 
5° ru D. J. Duffin and Charles Nerzig. (Reinhold Ind 
Plastics Applications Series.) New York, Rein- n ind 
Magneto-Fluid Dynamics e Stellar and Cosmical Gas hold Publichine Corp 1958. 254 illus, 2, whic 
Dynamics diagrs., tables. $5.75 nautice 
abrication, and applications of high- and low- 
LA Phenomena . Hypersonic I hy Sics Zt pressure laminates. Discussions deal with the Guid 
various types and grades of raw materials Allen I 
e Dynamics of Compressible Fluids e Rarefied Gas Phenomena resins thes their = MeGre 
includes numerous tables of mechanical, chemi- illus., ¢ 
i) © Boundary Layer and Turbulence e Upper Atmosphere Phenomena cal, and electrical properties as related to various Inte 
LF t kinds of industrial and consumer applications, missile 
e Hydrodynamics The appendix features a comprehensive list of princif 
LF ° Poem ‘ ru plastics manufacturers and trade names. variou: 
A t The Theory of the Properties of Metals and ae 
“4 > Alloys. N. F. Mott and H. Jones. (Reprint neerin} 
Published by the American Institute of Physics of 1036 Edition.) New York, Dover Pobit 
Inc., 1958. 326 pp., diagrs., tables, 
Editor, F. N. Frenkiel fail 
MATHEMATICS 
Numerical Analysis and Partial Differential dynan 
5 Issued bimonthly—Sub. Rates: $10 dom., $11 for. f Equations: Contemporary State of Numerical | Astod: 
Analysis, George E. Forsythe; Linear Partial Bleak 
Al Differential Equations, Paul C. Rosenbloom. Jr. ( 
i! Orders and Inquiries should be addressed to: 4 New ete John Wiley & Sons, Inc., 1958. 204 Theor. 
pp 50. 
3f fu The prime purpose of these two survey articles a 
“4 E is to summarize the state of the fields which they uida 
=u AMERICAN INSTITUTE OF PHYSICS bE cover, as determined by contributing develop- Servos 
a b ments at various times and in many places. (10) J 
4] 335 East 45 Street New York 17,N. Y. & Numerical analysis is viewed by G. E. Forsythe and 1 
Al E as a means of devising and evaluating numerical B.F.. 
techniques for employing computers to solve (13) 
errors. The emphasis is on recent develop- E. C. 
- ments and the contributions made by Russian Flight 
—— authors and others less known in the Western Integt 
— world. Confining the work to linear differential sidera 
equations, P. C. Rosenbloom in his article deals vatior 
° °° primarily with advances in the field since 1953, Fur 
Now Available—Eleventh Edition with reference to older works providing essential B. De 
backgrourd. Discussions center on methods that 1958. 
are applicable to wide classes of equations and for Thi 
e.°e the most part results are stated in the form of and e 
definite theorems to facilitate reference work requis 
e ition of the ore 
MECHANICS with 
functi 
Mechanics. Part 1, Statics. J. L. Meriam. weap 
2nd Edition. New York, John Wiley & Sons, Ap’ 
Inc., 1959. 393 pp., diagrs., tables. $5.00 cusses 
The emphasis in this book, which first appeared ment: 
in 1951, is on engineering or applied mechanics, in pr: 
and it has been designed for the basic mechanics detail 
courses in the normal engineering curriculum. The 1 
The treatment of fluid statics has been completely kinen 
6 8,600 entries for reports, periodical articles, meeting rewritten, and the topic is introduced from the ies te 
° > . three-dimensional aspect at the start to help appli 
papers, books, and technical publications. clarify this problem and a new chapter on vector ties | 
methods has been added so that the notation of guida 
vector algebra and vector calculus may be em- Dr 
e Includes full text of abstracts published in International ployed if desired. Approximately 50 per cent | minis 
. of the problems have been replaced with new ingto 
Aeronautical Abstracts problems patterned after design situations from 
a variety of engineering activities. 
The Author is Professor of Engineering 
¢ Convenient Subject and Author Indexes Mechanics, University of California. a 
Syste 
¢ Worldwide Coverage MISSILES, ROCKETS ee 
nter 
Rocketry and Space Exploration. Andrew G $3.85 
: Haley. _ Princeton, N.J., D. Van Nostrand Co., Ar 
AN INDISPENSIBLE REFERENCE TOOL for the aero/space scientist 
and engineer in speedily locating literature on specific subjects relating astronautics literature, the incumbent President part 
of the International Astronautical Federation tri 
to the design, development, and operation of aircraft, missiles, rockets, ranges over a wide variety of efforts by famous the. 
satellites, and spacecraft. men, separate nations, and international groups theo: 
4 to harness the rocket for multifarious purposes nucl 
and to begin the penetration of astronomical pola: 
Member Price: $10. Nonmember Price: $15.* space. Mr. Haley has not overly concerned 9 part 
* i himself with subjects which have been by now havi 
( Add $1.00 for orders outside the U.S.A.) very adequately covered in other works, but has to di 
chosen, through a careful screening of existing 
literature, to add to published information such 
Copies may be obtained by writing to: points as may have escaped thorough scrutiny 
in the past. In keeping with this principle, 
he has included an English translation of 
Pelterie’s pioneer essay, Covsiderations on the ra 
Special Publications Dept. Results of Indefinite Decrease in Weight of Engines, a 
as an appendix to this book. . 
IAS, 2 E. 64th St., N.Y. 21 ' N.Y. In general, Rocketry and Space Exploration does engi 
not pretend to undertake scientific discussions gray 
* of deep import to specialists, but endeavors to Pub 
— ae tell the story of rocketry from its earliest begin- has 
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sings through World War II, when present 
generations were introduced to the V-2, up to 
today’s highly publicized launchings of missiles 
and artificial satellites. The operation of 
rockets is described in nontechnical terms and 
particular attention is paid to the industrial 
aspects of rocket and missile production in the 
United States as well as the achievements of 
Great Britain, the U.S.S.R., and other countries 
jn this respect. In addition, the author traces 
the efforts toward international cooperation in 
astronautics and in other areas of knowledge 
which, by their nature, demand a free exchange of 
information on an international scale. 

A particularly useful chapter in this book is the 
one entitled ‘““The Working Societies’ in which 
the names and publications of all known astro- 
nautical societies are listed and their objectives 
summarized. Similar information relating to 
the industry that, in most cases, designs and 
manufactures missiles and rockets and the 
military establishments that test them, is given 
in another chapter, “Rockets and Missiles— 
AnIndustry.” The volume closes with Appendix 
2, which is a facsimile of documents on astro- 
nautice al communications studied by the Inter- 
national Radio Consultative Committee (CCIR) 
for the purpose of allocating frequency bands. 

Guided Missile Engineering. Edited by 
Allen E. Puckett and Simon Ramo. New York, 
McGraw-Hill Book Co., Inc., 1959. 467 pp., 
illus., diagrs., tables. $10. 

Intended as an inclusive introduction to guided 
missile engineering, this book contains important 
principles | and engineering techniques of the 
various sciences that make up this field, and their 
interrelations as seen by eighteen missile engi- 
neering experts. The various chapters are 
directed at the engineer or scientist who may 
have considerable skill in some other area and a 
good general technical background, but little 
familiarity with the subject in question. 

Contents: (1) The Guided Missile System and 
Its Components, R. P. Johnson. (2) Aero- 
dynamics of Guided Missiles, A. E. Sackast: (3) 
Aerodynamic Stability and Control, W. 
Bleakney. (4) The Rocket Motor, M. C. Ba 
Jr. (5) Ramjets, L. Stoolman. 6) Information 
Theory and Missile Guidance, F. P. Adler. (7) 
Principles of Missile Navigation. "M. Wuerth. 
(8) Random Phenomena and the Precision of 
Guidance and Control, R. H. Delano. (9) 
Servos and Feedback Control, R. K. Roney. 


(10) Instrumental Gyroscopy, G. A. Van Lear 
and H. A. Lassen. (11) Radio Propagation, 
B.F. Miller. (12) Microwaves, R. B. Muchmore. 


(13) Radar, R. S. Julian. 
puters, R. H. Griest. (15) Digital Computers, 
E. C. Nelson. (16) Trajectory Analysis and 
Flight Simulators, R. Bennett. (17) The 
Integration of Design; Over-All System Con- 
siderations, J. C. Fletcher. Appendix: Deri- 
vation of Generic Drifts, H. A. Lassen. Index. 

Fundamentals of Advanced Missiles. Richard 
B. Dow. New York, John Wiley & Sons, Inc., 
1958. 567 pp., illus., diagrs., tables. $11.75. 

This book emphasizes basic principles in science 
and engineering that are applicable to and pre- 
requisites for estimating the performance of 
guided missiles, and space vehicles. It deals 
with their operational characteristics and the 
functions of component parts of missiles and 
weapon systems in general. 

Applications of the basic principles are dis- 
cussed from the point of view of theory, experi- 
mentation, and typical examples encountered 
in practice, rather than from the standpoint of 
detailed design of particular missile types. 
The nine chapters are devoted to discussions on: 
kinematics of flight, application of fluid mechan- 
ics to aerodynamics and propulsion, dynamics, 
applications of probability and statistics, proper- 
ties of microwaves, infrared radiation, radar, 
guidance, and guided-missile systems. 

Dr. Dow is now Aeronautical Research Ad- 
ministrator for AFOSR, ARDC, USAF, Wash- 
ington, D.C. 


(14) Analog Com- 


PHYSICS 
Introduction to the Physics of Many-Body 
Systems. D. Ter Haar. (Interscience Tracts 
on Physics and Astronomy. No. 5.) New York 


Publishers, Inc., 1958. 127 pp. 

An introduction to the field of many-body 
physics that stresses the main points and indicates 
the trend of recent developments. The first 
part of the book deals with: theories where one 
tries to reduce the problem to that of free particles, 
the self-consistent field method, the statistical 
theory of the atom, Breuckner’s theory of the 
nucleus, and a discussion of holes, excitons, and 
polarons in solid-state physics. The second 
part deals with recent work on collective be- 
havior theories, and applications of these theories 
to different fields. 


PRODUCTION 
Engineering Drawing. 2nd Ed. Frank Zoz- 
zora. New York, McGraw-Hill Book Co., Inc., 
1958. 440 pp., diagrs., tables. $6.50. 


This is a concise text on the fundamentals of 
engineering drawing, descriptive geometry, and 
graphical analysis, and is intended for the student. 
sublished previously in 1953, the new edition 
has been expanded to include additional chap- 


ters on Structural Drawing, Charts and Graphs, 
Electrical Drafting, and Descriptive Geometry. 
The chapter on Freehand Drafting has been 
expanded, and several new constructions have 
been added to the chapter on Geometrical Con- 
structions. The chapter on Dimensioning has 
been enlarged to include many new features, 
especially tolerance dimensioning for surfaces, 
geometrical form, and position. In addition, 
new sections on jigs and fixtures have been added 
to the chapter on Cams and Gears and many of the 
old illustrations have been redrawn and about 200 
new ones added. 


RESEARCH FACILITIES 


Wind Tunnel Installations in the United 


States. Prepared by AERO/SPACE ENGINEERING. 
3rd Ed. New York, IAS, 1959. 9 pp. (not for 
sale) 


SPACE TRAVEL 


Proceedings of the 8th International Astro- 
nautial Congress, Barcelona, 1957. Editor-in- 
Chief, F. Hecht. Vienna, Springer Verlag, 1958. 
607 pp., illus., diagrs., tables. DM 125., $29.75 

Contents: Essai de contribution 4a l’auto- 
propulsion nucléaire (Contribution to the Prob- 
lem of the Nuclear Rocket Engine), J.-J. 
Barré. Essai de contribution 4 la propulsion 
ionique (Contribution to the Ionic Propulsion), 
J.-J. Barré. Multi-Directional G-Protection in 
Space Vehicles, H. J. von Beckh. Uber die 
Strémung von Zweiphasengemischen (On the 
Flow of Two-Phase Mixtures), H. Bednarcezyk. 
The Weight of Minimum Cost Orbital Ferry 
Vehicles, B. Bergqvist. ‘‘Biospheric Index’’, a 
Contribution to the Problem of Determination of 
the Existence of Extra-Solar Planetary Bio- 
spheres, Th. P. Bain and F. A. Pereira. Pre- 
visione tempestiva delle caratteristiche del moto 
di mobili aero-balistici neila cibernetica aero- 
nautica (Well-Timed Foresight of the Character- 
istics of the Motion of Aeroballistic Missiles in 
Aeronautical Cybernetics), C. E. Cremona. 
Research Goals in Astronautics, W. O. Davis. 
Instrumented Comets—Astronautics of Solar 
and Planetary Probes, K. A. Ehricke. Die 
Sternendkospharen im Radius von 17 Lichtijahren 
um die Sonne (The Star Ecospheres within a 
Radius of 17 Light-Years around the Sun), 
J. Gadomski. Recovery of a Circum-Lunar 
Instrument Carrier, C. Gazley, Jr., and D. J. 
Masson. On the Generation of Temperatures 
to 30,000° K., P. Glaser. A Method of 
Integrating the Equations of Motion of a Body 
Entering an Arbitrary Atmosphere with an 
Automatic Error Analysis, F. Gravalos. 
Pilotage d’un astronef par des moyens radio- 
électriques (The Navigation of a Space Vehicle by 
Means of Radio-Electric Methods), H. Gutton. 
Space Law—The Development of Jurisdictional 
Concepts, A. G. Haley. Uber Stabilitatsunter- 
suchungen an fliissigkeitsgetriebenen Raketenmo- 
toren mit Hilfe des Verfahrens der ‘‘Harmoni- 
schen Balance” (Investigation of the Stabilitv 
of Liquid Propellant Rocket Motors, Using the 
Method of the ‘‘Harmonical Balance’’), G. 
Heinrich and W. Peschka. Gravitational and 
Related Constants for Accurate Space Navigation, 
S. Herrick, R. M. L. Baker, Jr., and C. G. Hilton. 
Alterations in Some Blood Reactions and in the 
White Cell Count during the Total Eclipse of the 
Sun in Poland 1954, J. Kaulbersz, R. Bilski, 
I. Kocyan, A. Ogiriski, D. Wiecha, and J. Zbiegieri. 
Optimization Considerations for Orbital Payload 
Capabilities, H. H. Koelle. Sodium Emission 
at 140 km, E. R. Manring and J. F. Bedinger. 
Optimum Burning Program as Related to Aero- 
dynamic Heating for a Missile Traversing the 
Earth’s Atmosphere, A. Miele. The Problem of 
Variable Thrust, W. N. Neat. Vertical Re- 
covery, Feasibility of the Physical Recovery 
of Scientific-Research Payloads from Very- 
High-Altitude Near-Vertical Trajectories, R. T 
Patterson. Recovery Techniques for Manned 
Earth Satellites, N. V. Petersen. Attitude 
Control of a Satellite Vehicle—an Outline of the 
Problems, R. E. Roberson. Meteor, Jr., a 
Preliminary Design Investigation of a Minimum 
Sized Ferry Rocket Vehicle of the Meteor Con- 
cept, D. C. Romick, R. E. Knight, and S. Black. 
Spaces of Potential Visibility of Artificial Satel- 
lites for the Unaided Eye, I. Schmidt. Observa- 
tions from the Manhigh II Balloon Capsule at 30 
Kilometers, D. G. Simons. The Probability of 
Intelligent Life Evolving on a Planet, A. E. 
Slater. Design and Performance Data of Space 
Ships with Ionic Propulsion Systems, E. Stuh- 
linger. Einige Optimalisationsprobleme in der 
Theorie der Stufenraketen und ein einfaches 
Verfahren zur Ermittlung der optimalen Param- 
eter der Stufenradeten, M. Subotowicz. US. 
Army Support of Scientific Activities in Astro- 
nautics, H. N. Toftoy. The Meteoric Risk to 
Space Vehicles, F. L. Whipple. Optical and 
Visual Tracking of Artificial Satellites, F. L. 
Whipple and J. A. Hynek. Ten Years of Plastic 
Balloons, O. C. Winzen. The Manhigh II 
Balloon Operation, O. C. Winzen. Study of the 
Primary Cosmic Radiation by Using Artificial 
Satellites of the Earth (In Russian), S. N. 
Vernov, V. L. Ginzburg, L. V. Kurnosova, L. A. 
Razorionov, and M. I. Fradkin. Some Prob- 
lems Relating to the Dynamics of the Flight to 
the Moon (In Russian), V. A. Yegorov. Visual 
Observations of the Earth's Satellite in the USSR, 
A. G. Masevich. On the Establishment of an 
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PHILOSOPHICAL LIBRARY 
presents 
Important New Books 
on Aeronautics 


DANGER IN THE AIR 


By OLIVER STEWART A detailed study 
specific air accidents including causative fac- 
tors and resultant remedial action through re- 
search, design and engineering. The author is 
editor of Aeronautics. Illustrated $6.00 


THE AIR 


by EDGAR B. SHIELDROP, D. Sc. Man’s 
conquest of the air—from the earliest attempts 
to fly (and the reasons they failed) to the 
modern era of stratospheric travel and super- 
sonic speeds. Discusses balloons, airships, 
many novel types of airplanes, and the coming 
of space flight. Beautifully illustrated $12.00 


DICTIONARY OF 
ASTRONOMY AND 
ASTRONAUTICS 


by ARMAND SPITZ, Coordinator of Visual 
Satellite Observations for the Astro- 
physical Observatory Concise definitions of 
over 2,200 terms and concepts related to as- 
tronomy and astronautics—a wide gamut of 
terms ranging from those as old as man to 
those as new as the Space Age on the threshhold 
of which he now stands. JIlustrated $6.00 


THE UPPER ATMOSPHERE 


by H. S. W. MASSEY and R. F. L. BOYD 
An authoritative account of the phenomena 
studied during the International Geophysical 
Year, including aurorae, meteors, cosmic rays, 
ionization, radio absorption, probing by sound 
waves, searchlights, spectographic devices, ra- 
dio waves, balloons, rockets and artificial satel- 
lites. 27 plates; numerous line drawings; index 
Coming June 30 $17.50 


HELICOPTERS AND 
AUTOGYROS 
OF THE WORLD 


by PAUL LAMBERMONT and ANTHONY 
PIRIE A catalogue of the world’s helicopters 
and autogyros, past and present, covering 22 
nations, with detailed entries on some 170 
manufacturers and over 425 machines, includ- 
ing all technical details. Author is helicopters 
editor of the French journal, Aviation. II- 
lustrated, indered. Coming June 16 $10.00 


DICTIONARY OF 
AERONAUTICAL 
ENGINEERING 


by J. L. NAYLER, M.A., F.R.Ae.S., F.1.A.S. 
This illustrated dictionary provides concise 
definitions of the many terms now used in aero- 
nautical engineering. Special emphasis has 
been given to the newer developments in 
@ Aerodynamics @ Aero Engines e Artificial 
Satellites @ Electronic & Electrical Engineering @ 
Guided missiles @ Heli ing ¢ High- 
Speed Flight e Jet Preschiee- e Propellants e 
Rockets © V.T.O.L. Aircraft 

This feature, together with the many essential 
aeronautical definitions, makes the dictionary 
a convenient and up-to-date reference book for 
all who are interested in the wide field of aero- 
nautical engineering. $10.00. 


Order From 
PHILOSOPHICAL LIBRARY, Publishers 
15 East 40th St., New York 16, N. Y. 
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Outstanding 


MINUTEMAN 
MISSILE 


openings for 


kngineers 
and Scientists 


Boeing’s expanding work on Minuteman, 
the Air Force’s advanced solid-propellant 
intercontinental ballistic missile, has created 
a number of truly outstanding openings for 
engineers and scientists experienced in re- 
search, development and design in elec- 
tronics and associated fields. 

These are challenging positions offering 
exceptional long-range career opportunities. 
Assignments are available for engineers and 
scientists of virtually all experience levels, 
and with educational backgrounds ranging 
from B.S. to post-Ph.D., in: 


ELECTRONIC... Also rewarding 
System Design assignments in: 
Circuit Design 
“Breadboart” Design 
Packaging Guidance 
Component Design Computers 
Test Equipment Nuclear Theory 
Instrumentation Weapons Design and 
Systems Analysis Evaluation 
Plasma and Solid State 
Physics 
Anti-Submarine Warfare 
Antennas 
Dielectrics 
Telemetry 


and many others 


At Boeing you'll be with an industry leade: 
in the development of advanced weapon 
systems. The continuing rapid growth of 
Boeing’s Electronic Sciences Section offers 
you outstanding opportunities for advance- 
ment. In addition, you'll find at Boeing the 
scope you need for realizing your full 
creative potential. 

Drop a note, now, to: Mr. Stanley M. Little, 
P. O. Box 3822 —ASA, Seattle 24, Wash. 


How to keep abreast of 
personalities and thinking in the 
AERO/SPACE ENGINEERING PROFESSION 


Check these editorial features in 
AERO/SPACE ENGINEERING every month. 


® ENGINEERING ARTICLES—8 to 10 full-length exclusive engi- 
neering articles and reports on aircraft, missile, rocket, satellite, 
and spacecraft design and development. 


¢ AERO/SPACE REVIEWS—A complete review of the contents of 
over 900 technical publications, reports, and studies received at 
IAS Headquarters from worldwide sources. A five-man editorial 
staff, versed in over 12 languages, select, classify, and abstract thou- 
sands of items of prime interest to the profession. This is compara- 
ble to giving each of you a research staff to do an otherwise impos- 


sible job of reading for you. 


INTERNATIONAL ABSTRACTS—This 16-page insert reviews 
technical and scientific literature of unusual and immediate value ac- 
cording to current design trends in the aero/space field. Prepared on 
IBM typewriters, it is turned over to our printer at the last possible 
minute to insure timeliness. 


DATELINE WORLD —This department contains engineering and 
scientific news and reports from correspondents all over the globe. 
As an IAS member you are invited to contribute. It is an open forum 
for the exchange of engineering ideas relating to missile, rocket, air 


and spacecraft research, design, and development. 


¢ PROFESSIONAL NEWS—Otr news section is devoted entirely to 
the engineering professions engaged in air, missile, and spacecraft 
research, development and operations—and, of course, is widely 
read by members of the profession throughout the aero/space 
industry. 


If you have comments or suggestions 
on any of the above features and 
departments... write to Mr. Allan 
Bernhardt, Editor. We want to 
work with YOU in developing 
tomorrow’s news in the 
aero/space industry. 


AEROSPACE 


ENGINEERING 


EMM 


2 East 64th Street New York 21, N.Y. 
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Artificial eres of the Earth in Orbit (In 
Russian), D. Okhotsimsky and T. M. Eneiev. 
Determining dh Time of Existence of the Arti- 
ficial Earth Satellite and Studying Secular 
Perturbations of its Orbit (In Russian), D. E. 
Okhotsimsky, T. M. Eneiev, and G. P. Tar- 
atynova. Producing the Weightless State in 
Jet Aircraft, S. J. Gerathewohl, O. L. Ritter, 
and H. D. Stallings, Jr. The Communication 
Satellite, R. P. Haviland. Selenoid Satellites, 
W. B. Klemperer and E. T. Benedikt. On 
Relativistic Rocket Mechanics, J. M. J. Kooy. 
Interplanetary Ballistic Missiles—A New Astro- 
physical Research Tool, S. F. Singer. 


Ten Steps Into Space; A Series of Lectures 
Sponsored by The Franklin Institute, March-— 
ay, 1958, in Philadelphia. (Monograph No. 6.) 
Philadelphia, Journal of The Franklin Institute, 
1958. 202 pp., illus., diagrs., tables. $4.00. 
Contents: Foreword, I. M. Levitt. The Long 
History of Space Travel, W. Ley. The Rocket 
and the Reaction Principle, K. Stehling. Rocket 
Fuels—Liquid and Solid, H. W. Ritchey. Satel- 
lite Instrumentation—Results for the IGY, S. 
Fred Singer. Celestial Mechanics—Orbits of the 
Satellites, P. Herget. The Explorer, G. Heller. 
Error Analysis of Single and Two-Force Field 
Spacecraft Orbits, K. A. Ehricke. Probing the 
Atmospheres of Venus and Mars, J. I. F. King. 
Space Medicine—The Human Body in Space, 
G. Simons. Satellites Travel in the 
Future, I. M. Levitt. 


and 


The Literature of Space Science and Explora- 
tions. Compiled by Mildred Benton. (Bibliog- 
raphy No. 13.) Washington, U.S. Naval Re- 
search Laboratory, Sept., 1958. 264 pp. 

This comprehensive bibliography 
annotated references to published 
information involving books, periodical articles, 
and research reports on the more scientific 
aspects of space exploration, both theoretical 
and applied. The 2,274 items, which can be 
located through the author or subject indexes, 
are listed chronologically by author and cover 


contains 
unclassified 


the period from 1903 through June, 1958. Con- 
centrating on the progress, development, and 
scientific uses of instrumented vehicles, the 


bibliography includes all references that could 
be located on the Vanguard Project, the Russian 
Sputniks, and the U.S. Army’s Explorers. 
Entries on rocket launching appear only if they 
apply to satellite problems. The use of manned 
vehicles is touched upon in several articles, as 
is the legality of space flight, and space medi- 
cine, but the intent has been to exclude psycho- 
logical and legal aspects. 


Space Law, a Symposium. Prepared at the 
Request of Hon. Lyndon B. Johnson, Chairman, 
Special Committee on Space and Astronautics, 
U.S. Senate, 85th Congress, Second Session, 


Dec. 31, 1958. Washington, U.S. Gov. Print. 
Off., 1959. 573 pp. 

Contents: Preface, E. Galloway. High-Alti- 
tude Flight and National Sovereignity, J. C. 


Cooper. Who Owns the Universe?, O. Schachter. 
Air Law and a. W. Heinrich. The Law of 
Space, C. E. Horsford. Some Political Impli- 


cations of Ask. Flight, A. W. Hester. Inter- 
national Law and Activities in Space, C. W. 
Jenks. The Aerial Inspection Plan and Air- 
space Sovereignty, R. J. Young. Legal 
Problems of Upper Space, J. C. Cooper. Space 
Law and Metalaw—A Synoptic View, G. 


Haley. Projecting the Law of the Sea into the 
Law of Space, C. Ward. Legal Terminology 
for the Upper Regions of the Atmosphere and for 
the Space Beyond the Atmosphere, J. C. Hogan. 
International Law and High Altitude Flights: 
Balloons, Rockets, and Manmade Satellites, B. 
Cheng. Decatur’s ‘‘Doctrine’—A Code for 
Outer Space, P. B. Yeager and J. R. Stark. 
Aspects of the Law of Space, M. Aaronson. 
National Sovereignty at High Altitudes, D. B. 
Craig. Legal Problems Created by the Sputnik, 
E. Pépin. The Legal Status of the Airspace 
in the Light of Progress in Aviation and Astro- 
nautics, E. Pépin. The Russian Satellite— 
Legal and Political Problems, J. C. Cooper. 
Air Sovereignty Considerations in Terms of 
Outer Space, R. T. Murphy, Jr. Relationship 
of the United Nations to Outer Space, In 
Strengthening the United Nations. Commission 
to Study the Organization of Peace, A. H. Hol- 
combe, Chairman. Law for the ‘Heav’n’s 
Pathless Way,” Sir L. Munro. The Legal 
Horizons of ry sage Use and Exploration, Excerpt 


from Address by C. S. Rhyne. Space Law, M. 
Aaronson. Space Penetration, E. Pépin. A 


Guide to the Study of Space Law, Including a 
Selective Bibliography on the Legal and Political 
Aspects of Space, J. C. Hogan. Space Policy 
Outline Included in the Preceding Item, L. C 


Bohn. Principles of International Law in 
Space Flight, C. E. S. Horsford. Control of 
Outer Space, M. B. Schofield. Major Aspects 


of the Problem of Outer Space, L. Becker. The 
Control of Outer Space and the United Nations, 
Sir L. K. Munro. Perspectives for a Law of 
Outer Space, M. S. McDougal and L. Lipson. 
The Problem of a Definition of ‘‘Airspace’”’ 
(A Memorandum for the 9th Annual Congress 
of the International Astronautical Federation), 
J. C. Cooper. The Legal Control of Outer 
Space, S. M. Beresford. The Community of 
Law and Science, E. Galloway. Space Law and 
the Fourth Dimension of Our Age, K. B. Keating. 

American View of Jurisdiction in Outer 
Space, G. J. Feldman. The Responsibility of 


the States for the Damage Caused by the 
Launched Space Bodies, I. H. Ph. de Rode- 
Verschoor. The Law of Outer Space—Scientific 
and Anthropocentric Considerations, A. G. 
Haley. Resolution Adopted by the Ninth 
Congress of the International Astronautical 
Federation. Open Skies and Open Space, P. W. 
Quigg. International Order Under Law, Excerpt 
from Address by W. P. Rogers. Law of Outer 
Space—Radio Controls Urgently Needed, A. G. 
Haley. Report of the Committee on the Law of 
Outer Space, of the Section of International 
and Comparative Law, American Bar Associa- 
tion (1958). State Sovereignty in Airspace, A 
Kislov and S. Krylov. The Legal Status of 
Outer Space and the Soviet Union, H. G 
Neumann. The Artificial Satellite and Inter- 
national Law, G. Zadorozhnyi. On the Question 
of Interplanetary Law, A. Galina. For Equal 
Collaboration in the Peaceful Use of Cosmic 
Space, A. Galina. Digests of Selected Foreign 
Sources on Space Law, W. Strauss. Appendixes: 
A. Freedom of the Air—Early Theories: Free- 
dom; Zone; Sovereignty, S. Latchfod. B. 
United Nations: Texts of Statements and 
Resolutions on the Peaceful Uses of Outer 
Space: Statements by H. C. Lodge, U.S. Repre- 
sentative to the General Assembly. Statement 
by Senator L. B. Johnson. Draft Resolution of 
20 Nations, Including the United States, Novem- 
ber 13, 1958. Resolution Passed by the First 
Committee, November 21, 1958, and by the 
General Assembly, December 12, 1958. Draft 
Resolution of the U.S.S.R., November 7, 1958. 
Revised Draft Resolution of the U.S.S.R., 
November 18, 1958. C. Astronautical Societies. 
D. Alphabetical Lists of Authors. 


STRUCTURES 


High Temperature Effects in Aircraft Struc- 
tures. Edited by Nicholas John Hoff. (NATO, 


AGARD, AGARDograph No. 28.) New York, 
Pergamon Press, 1958. 357 pp., illus., diagrs., 


tables. $12. 

Contents: (1) Introduction, N. J. Hoff. (2) 
External Sources of Heat, M. H. Bloom. (3) 
Heat Transmission in the Structure, F. V. Pohle. 
(4) Materials for High-Temperature Aircraft 
Structures, P. Duwez. (5) Non-Metallic Struc- 
tural Materials at High Temperatures, C. Gurney. 
(6) Glass-Like Structural Materials at High 
Temperatures, I. Peyches. (7) Creep and Re- 
laxation in Metals, N. P. Allan. (8) Creep and 
Stress Relaxation of Plastics, W. N. Findley. 
(9) Fatigue of Structural Materials at High 
Temperature, . Lazan. (10) Thermal 
Stresses, L. Broglio and P. Santini. (11) 
Buckling Caused by Thermal Stresses, A. van der 
Neut. (12) Stress Distribution in the Presence 
of Creep, N. J. Hoff. (13) Creep Buckling, B 
Fraeijs de Veubeke. (14) Influence of Aero- 
dynamic Heating on Aeroelastic Phenomena, 
R. L. Bisplinghoff and J. Dugundji. (15) 
Experimental Methods in High-Temperature 
Structural Research, J. Taylor. (16) Models 
and Analogs, R. R. Heldenfels. 


+ + 


IAS News (Continued from page 1 38) 


military requirements. This, 
with the rising performance, cost and 
complexity of systems, has placed a 
premium on early evaluation and selec- 
tion. Emphasis has shifted from the 
production line worker to top manage- 
ment. 

With the rapid advance of technology, 
fewer types and numbers of weapons can 
be produced, increasing competition and 
making time much more important than 
before. Early and accurate evaluation of 
programs must be employed to obtain 
extreme selectivity in determining which 
programs will get to the hardware stage, 
and the selections must be based on the 
best technological judgements. 

General Cook said, ‘‘We must assume 
that cost considerations are less critical 
for engineers and scientists in Russia, 
and it is a good bet they do not lack for 
management decisions. But it is no 
comfort to realize, from the quality of 
things that rise behind the Iron Curtain, 
that you as engineers and scientists have 
worthy opponents. As a matter of fact, 
the principal battle is joined at your level— 
in the headlong advancement of the state 
of the art.” 


together 


QUENTIN J. Goss, Secretary 
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The key to today’s 
manufacturing problems... 


PRODUCTION 
HANDBOOK 


For higher output, lower 
costs, peak efficiency — 
Handbook is the key to the 
Management-engineering 
methods that are revolu- 
tionizing industrial produc- 
tion today. New materials, 
machines, processes, and 
functioning of company 
organization—all are re- 
flected in this Handbook’s 
1,700 pages of practical 
production know-how. 


The only fully integrated guide 
to modern manufacturing, this volume 
puts at your fingertips proved principles, 
time- and work-saving systems, and suc- 
cessful operating procedures for each 
phase of modern production activity. 


Edited by GORDON B. CARSON 
With Board of 48 Contributing 
Consulting Editors. 


@ Simplified analytical methods 
help cut through the calculations and 
paperwork attendant on complex manu- 
facturing processes. New approaches and 
techniques help to save hundreds of hours 
in completing work and time studies, iso- 
lating costs, interpreting research. From 
the world’s cumulative literature of pro- 
duction the Handbook organizes the 
knowledge of experts, adaptable for use 
in companies of every size and type. 


25 AUT ! 


Plant Organization. Production Planning, 
Control. Control Systems. Materials Con- 
trol, Standardization. Purchasing. Stores- 
keeping. Quality Control. Statistical Meth- 
ods. Charting, Graphic Methods. Process 
Charts. Work Measurement. Motion, Meth- 
ods Study. Work Simplification. Wage 
Plans. Electronic Computers. Research, De- 
velopment. Plant Layout, Location. Etc. 


725 Forms, Charts, Photographs. 
1,700 Pp. 6" x 9" format. $16, 


MATERIALS HANDLING 
HANDBOOK. 47 Sections cover 
today’s methods and equipment for effi- 
cient, low cost materials handling at 
every stage of production. How to 
analyze operations; plan, install new 
systems; measure results. Edited by 
Harold A. Bolz & George E. Hagemann, 
with 84 Contributing Consulting Edi- 
tors. 991 ills.; 1740 pp.; 6x 9 $20 


USE COUPON TO ORDER == == 
Please send 


C Production Handbook, 2nd Ed. $16 


CO Materials Handling Handbook $20 


Bill me 


> 
im 
on 


Zone—— State 


THE RONALD PRESS COMPANY 


15 East 26th St., New York 10 
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ELECTRONICS 
Inertial Guidance & Navigation « Digital 
Computer Development + Systems Engi- 
neering « Information Theory « Telemetry- 
SSB Technique « Doppler Radar + Counter- 
measures « Radome & Antenna Design 
* Microwave Circuitry & Components + 
Receiver & Transmitter Design + Airborne 
Navigational Systems « Jamming & Anti- 
Jamming + Miniaturization-Transistoriza- 
tion « Ranging Systems + Propagation 
Studies « Ground Support Equipment 
A new $14,000,000 Research Cen- 
ter—to be completed this year — is 
part of Republic’s far-ranging R&D 
programs aimed at major state-of- 
the-art breakthroughs in every flight 
regime and environment. 


Aero/Space Engineering ¢ April 1959 


ENGINEERS-SCIENTISTS 


Engineers and Scientists at Republic Aviation—with a 
turn for dry professional humor —say that they’re asked 
to solve every problem of upper atmosphere and 

space flight with the factor 


1 / > 
This human application of the relativistic theory 
of space-time relationships is predicated on the conviction 
that the creative content of technological thinking 


can be immeasurably expanded and enriched — 
given a propitious environment. 


That the environment at Republic is propitious, 
is evident from the results. 


Engineers and scientists like it. They thrive on it. 
Technical ideas of a “revolutionary” character — 
rather than “evolutionary” —are appearing at a rate 
that exceeds the norm of even 5 years ago. 


In every professional area — research, development, 
experimental engineering —the goal is the same: 


PING TIM 


in terms of technological progress 


* in exotic propulsion systems for 
space operation — plasma propulsion...advanced 
nuclear power applications... 


7 in integrated electronic systems for 
flight vehicles to operate at every altitude 


* in supersonic and hypersonic weapons systems, 
both manned and unmanned 


THERMO, 

AERODYNAMICS 

Theoretical Gasdynamics + Hyper- 
Velocity Studies + Astronautics Pre- 
cision Trajectories Airplane/ Missile 
Performance « Air Load and Aeroelas- 
ticity « Stability and Controls + Flutter 
& Vibration « Vehicle Dynamics & 
System Designs «+ High Altitude 
Atmosphere Physics + Re-entry Heat 
Transfer Hydromagnetics Ground 
Support Equipment 


For an invigorating environment, where : 
new ideas flourish, look at the range of ° 
opportunities at Republic : 


PLASMA PROPULSION 

Plasma Physics « Gaseous Electronics 
* Hypersonics and Shock Phenomena « 
Hydromagnetics +» Physical Chemistry 
* Combustion and Detonation « Instrumen- 
tation + High Power Pulse Electronics 


NUCLEAR PROPULSION 

& RADIATION PHENOMENA 
Nuclear Weapons Effects + Radiation 
Environment in Space +» Nuclear Power & 
Propulsion Applications » Nuclear Radia- 
tion Laboratories 


Send resume in complete confidence to: 


Mr. George R. Hickman, Engineering Employment Mgr, Dept. 2D 


Farmingdale , Long Island, New York 
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ENGINEERING 
OPPORTUNITIES 


AT 
RYAN 


Chief of Fluid Dynamics 


To head Aerodynamic and Ther- 
modynamic Units in the analysis 
of propulsion, heat transfer, per- 
formance, stability, and  con- 
trol for aircraft AND missile 
designs. Must have degree in AE, 
ME, or Physics with 12 or more 
years experience in aerodynamic 
and thermodynamic Engineering 
including at least 4 years of super- 
vision. Salary commensurate with 
qualifications. 


Aerodynamics Unit Head 


To head Aerodynamics Unit in- 
cluding a performance group and a 
stability and control group. Proj- 
ects dealing in aircraft and missiles 
including VTOL, STOL, and su- 
personic performance. Must have 
degree in AE, ME, or Physics with 
9 years or more experience in aero- 
dynamic engineering including at 
least 2 years supervision. Salary 
commensurate with qualifications. 


Dynamic Analysis Group 
Engineer 


Analysis andaser with 8 years 
experience in all phases aircraft 
and missile flutter testing and 
analysis. Must have degree in 
AE, Applied Mechanics or Physics 
and be able to show supervisory 
capability. Assignments will cover 
aircraft and missiles in all speed 
regimes with analyses on rotating 
parts as well as structures. Salary 
commensurate with qualifications. 


Send resume 
in confidence 
to 
James Kerns 
Supervisor 
Engineering Personnel 


RYAN 


Aeronautical 
Company 
2710 Harbor Drive 


Lindbergh Field 
San Diego, Calif. 


Personnel Uoportunites 


This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Assistant or Associate Professor—Will be re- 
sponsible for courses in the aeronautics option in- 
cluding aerodynamics, and airplane performance. 
Starting fall term 1959. Industrial experience and 
Master’s degree preferred. Department of Me- 
chanical Engineering, Oregon State College, 
Corvallis Ore. 


Engineers and Scientists—Early this fall the 
Navy’s newest facility devoted solely to test and 
evaluation of aircraft launching and arresting sys- 
tems will begin test operations. For the past 2 
years, the Navy has been accelerating the com- 
pletion of its latest shore installation designed to 
provide the fleet with advanced launching and re- 
covery systems capable of accommodating both 
present and future high-powered carrier-based jet 
aircraft. A limited number of challenging and re- 
sponsible scientific and engineering positions will 
become available as the test sites near completion. 
Inquiries are solicited from mechanical, electrical, 
electronic, and aeronautical engineers, mathema- 
ticians, and physicists who have acquired a 
Bachelor of Science degree and experience in their 
respective fields. Recent engineering and science 
graduates seeking a congenial and stimulating pro- 
fessional environment are also invited to inquire 
about opportunities that now exist at the Naval 
Air Test Facility (Ship Installations). Applica- 
tions should be made on Standard Form 57( avail- 
able at any post office) or by letter to Alfred 
Leone, Chief Engineer, U.S. Naval Air Test Fa- 
cility (Ship Installations), U.S. Naval Air Station, 
Lakehurst, N.J. 


Aeronautical Engineering—Qualified engineers 
interested in teaching positions with the Aeronau- 
tical Engineering department of a new and rapidly 
growing institution, are invited to make inquiries. 
Ability to teach aerodynamics, stability and con- 
trol, and aircraft performance, or aeronautical 
propulsions systems at the senior level is desired. 
Practical industrial experience preferred to ad- 
vanced studies. Address Dean of Engineering, 
California State Polytechnic College, Pomona, 
Calif. 


Available 
906. R. & D. Manager—Ph.D. in Aero., 22 


years experience in weapon systems, military op- 
erations and long-range planning. Broad pro- 
fessional background in aircraft, missiles, and 
space vehicles, components and environment, in 
solar, nuclear, and chemical energy, in aero- 
dynamics and meterology, in research, testing, and 
production methods. Familiar with NATO de- 
mands and languages. Numerous publications 
and patents. Desires position in R. & D. man- 
agement, preferably abroad or in Los Angeles 
area. Minimum salary of $21,000. Résumé upon 
request accompanied by position description. 


905. Department Head-—Head of aeronautical 
research department at medium-sized university 
seeks position of wider responsibility in teaching or 
research. Master’s degree; 5 years head of aero- 
nautical engineering option at state college, in- 
cluding curriculum and laboratory plant planning 
and construction; 2!/2 years industrial research 
with airframe manufacturer, projects in BLC and 
low-speed flight; 3 years at present locations. 
Current direct and indirect supervision 30-50 per- 
sons, including engineering, experimental shop 


and administrative. Project Director for prime 
military wind-tunnel and flight-test research con- 
tracts in VTOL/STOL aerodynamics and propul- 
sion. Midwest, Southwest, or Rocky Mountain 
location preferred. Available June. 


904. Advertising and Public Relations—12 
years intensive experience in program planning, 
budgeting and administration; product, market, 
and media analysis; technical advertising, sales 
promotion, and publicity copy; company-agency 
liaison, government, industry, press, and com- 
munity relations. Licensed pilot, mechanic, and 
radio operator with marketing background in 
aviation and allied esc B.S. Engineering 
Management, M.B.A.—Industrial Marketing, 
Ph.D. candidate—Advertising. Age 39. Desires 
company or agency affiliation with broader re- 
sponsibilities, leading to marketing management. 


903. Aeronautical Engineer—B.S. in Ae.E. 
4 years design experience (including both fixed 
and rotary wing aircraft), 2!/2 years stress analy- 
sis, 41/2 years Air Force (pilot and aircraft en- 
gineering officer). Prefers San Francisco Bay 
area, but will consider other. Available after 
Aprill. Résumé upon request. 


902. Executive, Missile Industry—B.S.M.E., 
graduate work in business administration and 
law. Many years experience in missile special- 
ties, including propulsion, guidance; as missile 
project engineer, and in management positions, 
both industry and government. Nominated for 
“‘Who’s Who in Engineering,”’ ‘‘Men of Science,’’ 
and ‘‘Who’s Who in America.’”’ High-ranking 
Naval Reserve Officer with intimate knowledge of 
procedures in military procurement. Particuiarly 
interested in a position with organization young 
in the missile field where versatility and broad ex- 
perience at high level can be used to good ad- 
vantage. 


901. Consulting Engineer—Aeronautical, me- 
chanical; professor; traveling England and 
Continent July 1. Available for engineering or 
scientific projects. Conversant land, water, and 
air transportation machinery, military and 
civilian; missile propulsion systems. Confiden- 
tial. Résumé upon request. 


900. Management—B.M.E.; age 40; 17 years’ 
engineering and administrative experience in the 
aircraft and avionics industries. Last 6 years in 
supervisory capacity developing organization, 
procedures, controls; managing and directing 
engineering, laboratory, and administrative 
groups in development and production of air- 
borne electromechanical systems. One year in 
electromechanical design, 7 years in flight re- 
search, 2 years in stress analysis. Current assign- 
ment as manager of contracts services responsible 
for preparation of price quotations, review of cus- 
tomer contracts, issuance of divisional work au- 
thorizations, preparation of company project per- 
formance reports. Desires position as Assistant 
General Manager, Chief Engineer, Chief Project 
Engineer, or Project Manager in firm designing 
and manufacturing military airborne electrome- 
chanical equipment and associated ground support 
equipment. Résumé furnished on request. 


899. Executive Engineer—Extensive back- 
ground in technical and administrative direction 
of a large engineering division in R&D. Many 
successful programs completed on airframe, elec- 
tromechanical, and control systems. Broad ex- 
perience on military products. B.S. in Mech., 
B.S. in Elect., M.S.in Mech. Age37. Minimum 
salary $18,000. Résumé on request. 


The number preceding the notice represents the 
Box Number of the Institute of the Aeronautical 
Sciences, Inc., 2 East 64th Street, New York 21, N.Y., 
to which inquiries should be addressed. 
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Cornell Aeronautical Laboratory and... 
ALL-WEATHER 
RETURN-TO-CARRIER FLIGHT 


A hundred jet aircraft scream toward their distant carrier. Some are 
disabled; others, critically low on fuel. Their landing must be swift; 
timed to the second. This systems problem was assigned to Cornell 
Aeronautical Laboratory scientists and engineers by the Bureau of Ships 
seven years ago. Project name: PACO—Problems of All-Weather 
Carrier Operations. 

In order to link the carrier to the flight group beyond the horizon . . . 
establish mutually compatible flight paths . . . control an efficient landing 
sequence (with provision for emergency landings and wave-offs) .. . 
and to land the planes automatically on an unstable deck, electronics in 
every conceivable form has been focused on the problem. 

Systems engineering, traffic control philosophy and the inter-relation 
of aerodynamics and electronics all play a part in the systems design 
and experimental support work of C.A.L.’s project team. Their efforts 
have resulted in significant contributions to equipment development 
including TACAN, Data Link and Traffic Control Computer, Transition 
and Wave-Off Computer, and Automatic Landing System with Deck 
Motion Predictor. 

PACO typifies the broad scope and professional maturity of research 
projects at C.A.L. If you are interested in becoming a member of one of 
our small, closely-knit research teams, write today for the factual, well 
illustrated, 68-page report entitled, “A Decade of Research.” Mail the 
coupon now for your free copy. 


CORNELL AERONAUTICAL LABORATORY, INC. 

OF CORNELL UNIVERSITY 

J. A. RUCH RTc 

CORNELL AERONAUTICAL LABORATORY, INC. | 
Buffalo 21, New York 


Please send me a copy of ‘‘A Decade of Research.”’ 


Y | 


RARY! 


Name 


FREE 
REPORT 


AND ERIE COUNTY 


State | 


Zone 


| 
| city 
ee O Please include employment information 
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AEROJET... 
for engineering careers 


STRESS ANALYSTS 
1. Experience and/or training in 
analytical stress computations, with 
emphasis on structural and pressure 
vessel applications. B.S. required; 
graduate work desirable. 


2. Experience and/or training in 
experimental stress analysis. Familiar- 
ity with advanced experimental tech- 
niques and expedient methods of stress 
analysis. B.S. required; graduate work 
desirable. 


GAS DYNAMICIST 

M.S. or Ph.D. in engineering, physics 
orapplied mechanics. Five to ten years’ 
experience in analytical and experimen- 
tal work in the fields of boundary layer 
studies, supersonic and hypersonic 
flows, or application of non-ideal-gas 
theories. 


AERODYNAMICIST 

M.S. or Ph.D. in aeronautical or 
mechanical engineering or applied 
mechanics. Five to ten years’ experi- 
ence in the field of advanced aero- 
thermodynamics, missile aero- 
dynamics, heat transfer in rockets, 
missiles, etc. 


MISSILE SYSTEMS ANALYST 
B.S., M.S. or Ph.D. in engineering, 
physics or applied mechanics. Five to 
ten years’ experience in analysis and 
evaluation of interactions between pro- 
pellant systems and other missile com- 
ponents. Capable of developing 
optimum vehicle configurations from 
the standpoint of the propulsion sys- 
tem. 

U.S. Citizenship Required 

Resumes cordially invited. Write: 

E. P. JAMES 
AEROJET-GENERAL CORPORATION 
P.O. BOX 1947 
SACRAMENTO, CALIFORNIA 


pe. 
>. 
j | 
| 
| 
| 
| 
| 
€ 
| 


ON 


ENGINEERS <x SCIENTISTS 


Are you getting these advantages 
in your present position? 


Space-age assignments. 


Boeing’s space-age orientation, its advanced 
research and test facilities, and its wide weapon 
systems management experience have already 
laid the foundation for continuing growth and 
leadership in the future. Underway are com- 
pany projects probing the very frontiers of 
knowledge—including orbital, lunar and inter- 
planetary systems. 


[| Advanced research facilities. 


Boeing’s research, development and engineer- 
ing facilities are among the most varied, exten- 
sive and complete in the industry. If your field 
is design, you'll get the answers you want, in a 
hurry. If you’re in research or development, 
you'll be working with equipment as modern 
as this minute. Backed by extensive research 
laboratories covering a tremendous range of 
engineering fields and the sciences, you’ll make 
more progress—faster. And you'll work with 
men who have literally “‘written the book” on 
the state-of-the-art. 


| Opportunity for advancement. 


Boeing takes steps to see that you don’t get 
lost in the shuffle. You work with small, inte- 
grated teams where initiative and ability get 
plenty of visibility. A personal merit review 
every six months assures you a continuing 
opportunity for individual recognition and ad- 
vancement. In addition, you are eligible for 
advancement to higher level positions at any 
time. Since its very beginning, Boeing has 
recognized the desirability of developing per- 
sonnel for added responsibilities. 


[| Better family living. 


There’s a real bonus of better living in the 
heart of the evergreen Puget Sound area. 
Dramatic sea-and-mountain scenery and year- 
round outdoor recreation are unsurpassed. 
Your surroundings are air-conditioned by 
nature—four full seasons, yet moderate, com- 
fortable. Average minimum temperature is 
46.3°. Sea-level and ski-level are only an hour 
apart. Per capita ownership of sail and power 
boats is America’s highest. You play your best, 
and work your best—because both career and 
living conditions are ideal. 


There is more to getting ahead in engineering and science 
than one’s own ability. Of almost equal importance is 
the environment in which you work. If, in your mind, 
there is any lingering doubt that your present surround- 
ings do not meet all the requirements for achieving your 
fullest professional growth, it will pay you to check the 
advantages Boeing can offer. 


FOR A CAREER THAT OFFERS ALL THE 
ADVANTAGES, MAIL THIS COUPON TODAY! 


Mr. Stanley M. Little 
Boeing Airplane Company 
P. O. Box 3822-AEA 
Seattle 24, Washington 


Please send me a free copy of ““Environment for Dynamic 
Career Growth.” 
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UNUSUAL CAREERS FOR 


AERONAUTICAL 
ENGINEERS 


Challenging and rewarding career 
positions are now open for aero- 
nautical engineers with knowledge 
and imagination. They will partici- 
pate in the development of new 
concepts for advanced operational 
data processing systems. 


Ph.D. with a background in air- 
craft instrumentation, especially air 
speed and altitude measurements. 
Must have a thorough knowledge of 
servo-mechanisms and electronics, 
plus a demonstrated creative talent. 
Flight test experience is desirable. 


M.S. with a minor in mathematics 
and 2 years’ experience in the fol- 
lowing areas: evaluation of airborne 
systems, both digital and analog; 
navigation techniques, including 
inertial navigation; aerodynamics; 
data reduction; photogrammetry. 
Must be capable of analyzing flight 
test data and handling systems 
analysis. Will be required to solve 
problems in spherical trigonometry 
and photogrammetry. 


B.S. with 2 to 4 years’ experience 
in installation of electronic and 
electromechanical equipment in 
aircraft. Aircraft company experi- 
ence is desirable. 


B.S. with 2 to 4 years’ experience 
in flight testing of complex elec- 
tronic equipment, preferably in 
high performance air vehicles. 


PARALLEL OPPORTUNITIES. Both 
technical and administrative engi- 
neering careers offer parallel 
advancement opportunities and re- 
wards at IBM. You will enjoy unu- 
sual professional freedom, com- 
prehensive education programs, 
the assistance of specialists of di- 
verse disciplines, and IBM's wealth 
of systems know-how. Working in- 
dependently or as a member of a 
small team, your individual contri- 
butions are quickly recognized and 
rewarded. This is a unique oppor- 
tunity for a career with a company 
that has an outstanding growth 
record. 


FOR DETAILS, write, outlining 
your background and interest, to: 
Mr. R. E. Rodgers, Dept. 501D 
IBM Corporation 

590 Madison Avenue 

New York 22, N. Y. 


IBM 


Outstanding 
openings 
for 


MISSILE TEST 
ENGINEERS 


Boeing’s expanding supersonic BOMARC 
missile program has created a number of 
exceptional career openings for experienced 
men with degrees in electrical or electronic 
engineering. 


Assignment will be on BOMARC/SAGE 
test teams at BOMARC tactical bases. You'll 
perform sub-system and system testing of 
BOMARC/SAGE compatibility, analyze the 
systems 


for malfunctions or deficiencies 


and initiate corrective action. 


To qualify, you should have from 4 to 7 
years of experience in the development, 
maintenance, testing or associated field ex- 
perience on video quality, wire communica- 
tion circuits, preferably directed toward 
the transmission and reception of multi- 
plexed digital information where high relia- 
bility is a major factor. Ability to evaluate 
test results and isolate and correct equip- 
ment or systems failures is desirable. 

You'll find these Boeing assignments inter- 
esting and challenging. They offer excellent 
opportunities for advancement and long- 
range career growth. You'll enjoy many 
other advantages at Boeing. Write, today, to 


Mr. Stanley M. Little 
P.O. Box 3822 — ASB 
Seattle 24, Washington 


| 


\ 


ENGINEERS 
and SCIENTISTS 


Here is your opportunity 
to grow with a young, ex- 
panding subsidiary of the 
Ford Motor Company. 
Outstanding career oppor- 
tunities are open in Aero- 
nutronic’s new RESEARCH 
CENTER, overlooking the 
Pacific at Newport Beach, 
and the facility in Glen- 
dale, California. 


PhD and MS RESEARCH SPECIALISTS 
with 5-7 year’s experience 
in heat transfer, fluid me- 
chanics, thermodynamics, 
combustion and chemical 
kinetics, and thermoelas- 
ticity. To work on theoret- 
ical and experimental 
programs related to re- 
entry technology and ad- 
vanced rocket propulsion. 
Specific assignments are 
open in re-entry body 
design, high temperature 
materials studies, bound- 
ary layer heat transfer 
with chemical reaction, 
thermal stress analysis, 
and high temperature 
thermodynamics. 
APPLIED MATHEMATICIANS, 3-5 
years’ recent experience 
required and A.B. or M.A. 
degree. Experience in nu- 
merical analysis and com- 
puter work in connection 
with rockets and rocket 
propellants. 


THEORETICAL AEROTHERMODYNAM- 
icist. Advanced degree and 
at least 5 years’ experience 
in high-speed aerodynam- 
ics. Knowledge of viscid 
and gas flows required. To 
work on program leading 
to advanced missile con- 
figurations. Work involves 
analysis of the re-entry of 
hypersonic missiles and 
space craft for determin- 
ing optimum configura- 
tion. 
ceramist. M.S. or Ph.D. re- 
quired and 3-5 years’ re- 
cent experience with 
temperature materials, 
structures and cermets. 
ENGINEER or PHYSICIST. With 
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